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THE ATMOSPHERE OF MARS* 
By R. M. Goopy,t M.A., Px.D. 


All the planets, with the possible exception of Mercury, have atmospheres, 
but the Martian atmosphere has excited far more interest and has been studied 
more than any other. The reasons are not hard to find. Mars is one of our 
two nearest neighbours and can be studied in some detail. The atmosphere is 
transparent to visible radiation so that the surface and cloud forms can be 
directly seen, and there is reason to believe that its physical structure does not 
differ markedly from the Earth’s, so that the two atmospheres can usefully be 
compared. Lastly there is great interest both on emotional and scientific 
levels in the possibility of some primitive form of life as known to us occurring 
on Mars. 

Sufficient information is now available on the Martian atmosphere to make 
its study a serious and rewarding task{ and this information is likely to be 
greatly increased when the new data from the close oppositions§ of 1954 and 
1956 are published. During these two years there will be an organized effort 
by a number of different observatories to ensure proper coverage of the Martian 
surface, and meteorologists have been involved in the planning. A number 
of new techniques will be introduced’, for example, continuous cinematography 
(in order to take advantage of brief lulls in atmospheric turbulence, which is 
the worst enemy of good visual and photographic resolution) and the introduc- 
tion of television techniques which will reduce exposure times from 1 or 2 sec. 
to 1/15 sec. 

Before starting on the detailed observations there are certain pieces of 
general astronomical information which should be noted. In terms of the 


* Lecture given to the Society in London on 3 November 1956. 

+ Reader in the Department of Meteorology, Imperial College. 

t A detailed monograph on the subject is now availablet and also a very readable 
summary.* Most of the unattributed observational statements in this paper will be found 
in one of these books. The meteorologist’s point of view is well expressed in review 
articles by Hess* and by Hess and Panofsky. The writer has also frequently consulted 
the extremely interesting article by Kuiper.® 

§ When the Sun, Earth and Mars are all in line with the Earth in the centre, we have 
an opposition. Since the orbits of the planets are not exactly circular the closest approach 
occurs at oppositions every 15 years. 
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Fic. 1. Filter Photographs, Mars, 1954. Six photographs showing the appearance 

of Mars through red, yellow, orange and blue filters. The blue-light photographs 

at the bottom show the same faces of the planet as the photograph immediately 

above in each case, but only in that of 13 June does the atmosphere of Mars permit 

enough of the blue rays to reach the surface to reveal any of the dark markings 

(Photographs by FE. C. Slipher, Lowell Observatory—National Geographic 1954 
Expedition to Bloemfontein, South Africa.) 


same quantities for the Earth, the distance of Mars from the sun is 1-52, its 
radius 0-523, its mass is 0-1069 and the surface gravity is 0-39. The albedo is 
low, 0-148 as against 0-39 for the Earth, and this partially offsets the greater 
distance from the Sun and gives an equilibrium temperature of 217° K. as 
against 245° K. for the Earth. This suggests that the general level of atmos- 
pheric temperatures will be about 30° K. lower for Mars than for the Earth. 
The Martian year is just less than twice the Earth’s, but the seasonal cycle 
of insolation should be similar on the two planets since the angle between the 
equatorial plane and the ecliptic is practically the same for both (24-25° for 
Mars, 234° for the Earth). The length of the Martian day is 24 hr. 37 min. 


Topography 

Mars and the Earth never come closer to each other than 56 million km. 
even at the closest opposition, and then Mars presents a 25-sec. disc to the 
terrestrial observer. Atmospheric turbulence blurs out fine detail in an 
astronomical photographic exposure and even on very good plates, such as 
those shown in Fig. 1,* detail very much finer than about one sec. (270 km.) 


* The plates have not reproduced well and even the originals show far less detail than 


the eye can detect. The reader will have to take many of the comments on the plates on 


trust. 
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Fic. 2. Blue Clearing—1954: 14 and 25 June, and 18 July 

Blue-filter photographs of Mars on three different dates showing 

three degrees of clearing of the Martian atmosphere from almost 

complete transparency to almost total opacity. (Photographs by 

E. C. Slipher, Lowell Observatory—National Geographic 1954 
Expedition to Bloemfontein, South Africa) 


cannot be distinguished. The eye can detect finer detail so that quite a lot 
of our detailed knowledge depends upon descriptions by visual observers. 

To the eye the planet appears reddish-yellow, due to the predominant 
coloration of the light areas, often called ‘‘desert’’ areas, which cover some 
two-thirds of the surface. Polarization measurements by Lyot® suggest that 
the light areas may be volcanic ash, but near infra-red spectrographic measure- 
ments by Kuiper® suggest some kind of igneous rock, such as felsite. Both 
these observations suggest that the light areas may possibly be similar to a 
terrestrial desert with a dusty surface, and this interpretation is to some extent 
confirmed by the large diurnal variation in temperature (see below) which 
indicates a surface of low thermal conductivity. 

The remaining third of the planet consists of darker areas of greenish 
coloration, the nature of which has aroused much controversy. These dark 
areas show seasonal and secular changes in colour and form which might lead 
to valuable information about the atmosphere, if only they could be interpreted 
with reasonable certainty. For example (de Vaucouleurs,*? p. 224), the main 
seasonal change is a wave of darkening and colour change which spreads from 
the summer to the winter pole at a speed of about 0-5 m./sec. If, as has been 
suggested, this is due to the effect of water vapour on some primitive form of 
vegetation, then we would have an excellent indicator of the meridional mixing, 
but the matter is as yet too uncertain to rely on such an interpretation. 

The most striking secular change so far observed is the growth in a few 
years of a huge new dark area to the north-east of the permanent dark feature 
known as Syrtis Major, covering one per cent. of the surface of the planet.’ 
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Fic. 3. Zonal structure in blue light. During 1954 a partial blue 

clearance took place and for the first time the planet showed a 

marked zonal structure, similar to that shown by some of the 

outer planets (N.B.—In this plate the axis of rotation is nearly 

horizontal, whereas in the other plates it is vertical). (Photographs 

by E. C. Slipher, Lowell Observatory—National Geographic 1954 
Expedition to Bloemfontein, South Africa). 


By far the most important topographical change on Mars is the seasonal 
waxing and waning of the polar caps, which are prominent on all the images in 
Figs. 1-4. These caps are much brighter than the rest of the Martian surface, 
having an albedo of 0-4 to 0-5 over most of the visible spectrum,, and there is 
very good evidence from polarization and spectrographic measurements®:* 
that they consist of a few centimetres of ice-frost. On general grounds ice 
is one of the few substances likely to occur in the solar system which could 
present such an appearance, so that this identification is comparatively reliable. 

The polar caps do not appear clearly until the spring, when they emerge 
sharply from what appears to the eye to be a mist, with an indefinite edge and a 
rather lower reflecting power (albedo approximately 0-3 according to de 
Vaucouleurs,* p. 201). At their maximum extension the caps reach latitude 
70, but during the summer they gradually shrink almost to nothing and reform 
under the mists which appear again in the autumn. If the polar caps are 
ice-frost then there is little choice but to identify the polar mists with ice-clouds, 
although this identification gives rise to a difficulty with the albedo of the mist. 
The albedo of a cloud overlying a surface must lie between that of the surface 
and that of an infinitely thick layer of cloud. Since the surface has an albedo 
of at least 0-4 and the combination an albedo of 0-3, it follows that an infinitely 
thick layer of the mist should have an albedo less than 0-3. Little is known of 
the albedo of terrestrial ice-clouds, but since the anvil of a cumulonimbus is 
not markedly darker than the lower section, it seems unlikely that normal 
terrestrial ice-clouds can have an albedo much less than water-clouds—at least 
0-8 for infinite thickness. There is no easy way out of this difficulty. One 
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Fic. 4. Blue or White Clouds on Mars, 26 June 1954. On the left-hand terminator of 
the blue image can be seen the W-shaped cloud mentioned in the text. This could be 
seen very faintly by eye and is also just detectable on the yellow image. This cloud is 
therefore something between a blue and a white cloud. Since these two types of clouds are 
attributed in the text to different sized ice crystals it is understandable that intermediary 
clouds should sometimes be seen. The same remarks apply to the cloud to the right of 
the uppermost (southern) polar cap. (Photographs by E. C. Slipher, Lowell Observatory 
National Geographic 1954 Expedition to Bloemfontein, South Africa) 


suggestion which cannot entirely be ruled out is that we are dealing not with 
Ice I (see e.g., the work by Dorsey’), but with a low-temperature modification 
with different absorption coefficients. 

The ground-temperature of the periphery of the polar mist at mid-day in 
winter is probably about 210° K. (see below) and this can be interpreted as 
the approximate frost-point temperature in this region. If so, the water- 
vapour pressure at ground level is 10-? mm. and if the atmosphere is saturated 
and has an adiabatic lapse-rate* the total amount of precipitable water in the 
atmosphere amounts to 3 x 10-3 cm. 

Although the presence of ice on Mars is postulated, it is certain that neither 
water nor any other liquid can be present on the planet in the form of substantial 
seas, for no specular reflection from the planet’s surface has ever been reported. 


Clouds and the Violet Layer 

If the planet is viewed in red or yellow light, or any light with a wavelength 
greater than 4,500 A., the surface details can be clearly seen, although towards 
the limb, where the path through the atmosphere is very oblique, details are 
lost and the surface seems to darken. If viewed or photographed in blue or 
ultra-violet light with wavelengths shorter than 4,500 A., the surface details 
are usually absent, and instead there is an even surface, with no darkening 

* The adiabatic lapse-rate will be the acceleration due to gravity, divided by the specific 


heat. The former is known and there is very little range of choice for the latter™ giving 
a probable value of ! = 3-7° K./km 
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towards the limb, broken only by lighter patches which are not of a permanent 
nature. This effect is attributed to what is known as a blue or violet layer, and 
is illustrated by the comparative images in Fig. 1. 

The way in which the opacity of the Martian atmosphere varies with the 
wavelength of the incident light will be shown later to be of great importance 
when discussing the composition of the violet layer. The question is whether 
the variation with wavelength is faster than would be predicted from Rayleigh’s 
law which states that, for small particles, opacity varies inversely as the fourth 
power of wavelength. The measurements are not wholly conclusive. Kuiper® 
refers to the layer as “‘closing in’’ at about 4,500 A., which suggests a very 
rapid change. De Vaucouleurs? (p. 108) seems to accept the conclusion of 
Barabascheff and Semejkin!? whose measurements indicate a much more 
rapid variation of opacity than can be expected from Rayleigh’s law. 

A significant fact about the violet layer is that sometimes, particularly near 
to oppositions, it has been observed to clear, revealing surface markings in the 
blue. This is illustrated in Fig. 2. The longest clearance on record was 
observed by Slipher in 1954 to last nearly two months, during which time it 
had periods of semi-transparency in which signs of a zonal structure could be 
seen (Fig. 3). At the pressures which we believe to exist on Mars (see below) 
gravitational separation of gases is a process requiring centuries to complete. 
The blue clearances therefore suggest very strongly that we have to deal with 
a suspension of solid particles which either fall out or evaporate. 

The last significant fact about the violet layer is that its albedo is small 
only 0-05 at 4,000 A. according to recent measurements by Woolley. 

Clouds are a definite but infrequent feature of the Martian atmosphere. 
They are seen as evanescent mobile structures, normally rather brighter than 
their surroundings, occasionally producing bumps or even detached patches of 
light on the terminator* from which their heights may be estimated. 

There seems to be more than one type of cloud on Mars. In blue light, 
bright non-permanent patches can be seen in the violet layer which are called 
blue clouds by de Vaucouleurs. They are often to be seen over the poles (see 
the blue images in all the plates), in summer as well as winter, suggesting that 
the polar mists do not entirely dissipate during the summer. They are also 
frequently to be found on the sunset or sunrise terminators, suggesting strongly 
that the clouds are due to condensation, for the rapid change of temperature 
which must take place at sunset and sunrise is the only obvious reason for the 
clouds to form in these particular places. There is some indication of these 
sunset and sunrise clouds on the 9 July blue image in Fig. 1. There is also 
evidence that blue clouds can form over a fixed point on the surface during the 
afternoons of a number of successive days. A spectacular example is the 
W-shaped cloud, shown in Fig. 4, which was seen to recur daily for a whole 
month during 1954.’ 


* The terminator is the shadow of the planet cast upon itself, i.e., the line of sunset or 
sunrise. Bumps on the terminator indicate areas rising above the surroundings. Since 
the terminator is usually smooth it has been concluded that there are no peaks on Mars 
rising more than 2 or 3 km. above their surroundings. 
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Blue clouds cannot be seen at all in yellow and red light. Taken together 
with the polarization measurements of Dollfus*® this strongly suggests small 
particles, about 0-ly in diameter. The heights of clouds can in principle be 
measured from distortions on the terminator, but the results are discordant 
and we can only say that they probably lie below 100 km. 

Yellow clouds form a quite distinct category. They are rather rare and 
their colour is a little lighter in tone than the light areas of the surface. They 
can only be seen in red and yellow light and are not visible in blue light. They 
can be very bright indeed or so faint as to cause only slight discolorations of 
the polar caps. They can be very small or they can cover most of the planet, 
and measured altitudes vary from a few kilometres (de Vaucouleurs,? p. 82) to 
100 km. (unconfirmed!*). They usually persist for a few days at a time. 

At the beginning of July 1954 a large cloud could be seen both in blue and 
yellow light.?_ This cloud probably belonged to what may be a separate class 
of white clouds, distinguished by their visibility in light of all wavelengths 
and by their polarization, which strongly resembles that of the comparatively 
large ice-crystals in a terrestrial ice-cloud.® 


Temperature and Winds 

Measurements of the total radiation from the planet can be interpreted in 
terms of a temperature by the use of Stefan’s law, or measurements of two 
components can be interpreted by the use of Planck’s law. Both these methods 
have been used to measure surface temperatures on Mars with radiation 
detectors about one-tenth the linear dimensions of the planetary images which 
are themselves only a few mm. across. Corrections for the absorption and 
emission by the Earth’s atmosphere are difficult to apply and are important, so 
that the absolute accuracy of the measurements is not high, although differences 
should be reliable. Temperatures could be determined with great accuracy 
from spectra taken in the 10 region of the infra-red spectrum with a resolution 
of about 0-24. Methods for eliminating the effect of the Earth’s atmosphere 
have been developed for other purposes" and would be applicable in this case. It 
is believed that such lines are being investigated at present in the United States. 

Enough measurements of temperature have now been made to establish 
the major latitudinal, seasonal, diurnal and topographical changes. Seasonal 
and latitudinal effects are shown in Fig. 5. The general level of temperature 
is, as expected, some 30-40° K. lower than terrestrial temperatures. There is 
a belt of high temperature at about latitude 20 in the summer hemisphere with 
much greater latitudinal-gradients in the winter than the summer hemisphere. 
Dark areas have been shown to be a few degrees warmer than light areas and 
diurnal variations are of the order of +30° K. in the tropics. 

From the data in Fig. 5 the vertical wind-gradient can be computed from 
the thermal-wind equation and, assuming that the wind speed is small at 
the ground, a rough idea of the winds in the free atmosphere can be obtained. 
Hess® has estimated wind speeds between 30 and 100 km./hr. at the 10 km. 
level, which agree reasonably well with determinations from cloud movements. 
Utilizing all the data available Hess has attempted to determine the climato- 
logical mean pressure-field and finds evidence for a trade-wind belt, westerlies 
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Fic. 5. Surface isotherms in °C. for local noon during the northern winter between 
latitudes 70° N and 70°S on Mars. The points show the actual observations 
Additional observations were available for 78° S. The south pole is uppermost.* 


in mid-latitudes and sub-tropical high-pressure belts breaking up into discrete 
cells—a rather familiar picture, undoubtedly influenced to some extent by 
Hess’s experience in terrestrial meteorology. 


Composition 
Many attempts have been made to determine the total mass of the Martian 
atmosphere and apart from an ingenious but inaccurate method based on the- 
heights and temperatures of convective clouds, these all involve optical tech- 
niques of the greatest difficulty. The quantity which is actually determined 
is the brightness of the Martian atmosphere isolated from the solid surface, and 
to find the mass some assumption has to be made, which is usually that mass for 
mass the terrestrial and Martian atmospheres scatter similar amounts of 
radiation. Later it will be suggested that Mars has a persistent haze layer 
which could invalidate this assumption and might mean that existing estimates 
of the pressure are over-estimates. As interpreted at present, various optical 
techniques all suggest an atmosphere 0-2 to 0-25 times as massive as the Earth’s 
and, owing to the lower gravity, a ground pressure in the region of 85 mb. 

If this mass is correct then, according to arguments based on the cosmical 
abundance of this element and its non-reactivity, the bulk of it may well be 
molecular nitrogen. For constructing a general picture of the Martian atmos- 
phere we are not greatly interested in gases such as nitrogen which do not 
absorb either solar or planetary radiation. Fortunately those gases which do 
absorb radiation can usually be studied by means of spectrographic investi- 
gations on the reflected light from the planet. This method is least effective 
for gases which are abundant in the Earth’s atmosphere, since the effects of 
the two atmospheres are superimposed. 
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Dunham and Adams (see Dunham") have made careful searches for a 
Doppler-shifted component due to the moving Martian atmosphere for both 
water-vapour and oxygen lines. For both gases they find as an upper limit 
that the Martian component must be less than two per cent. of the terrestrial 
component. For oxygen the relation between line-intensity and amount is 
known and it can be concluded that there is less than 0-0015 times as much 
oxygen on Mars as on the Earth. Assuming the ground pressure to be 85 mb. 
the mixing ratio of oxygen is less than 0-14 per cent. by volume. 

Dunham estimates a similar upper limit for water-vapour, i.e., 0-0015 times 
the terrestrial amount, which was about 7 mm. of water at the time of the 
observations, giving less than 10-* cm. for the Martian atmosphere. Dunham's 
upper limit for water-vapour has been criticized on a number of grounds, but 
in the writer’s opinion it is as valid as his upper limit for oxygen, which is not 
usually questioned. In particular the often-made suggestion that the effect of 
pressure on the Martian component should be taken into account is definitely 
mistaken. 

Dunham's upper limit for the amount of water is somewhat below the 
estimate given earlier, but the errors involved are such that there is as yet no 
serious discrepancy. If the accuracy of the spectrographic method could be 
improved, however, it should give positive results, or else it will cast serious 
doubts on the present interpretation of the polar mist and the polar caps. 

Kuiper® has examined the near infra-red reflection spectrum of Mars and 
has discovered that the 1-58 and 1-6ly vibration-rotation bands of carbon 
dioxide are stronger than can be expected from terrestrial absorption alone. 
For this problem the effect of pressure on the Martian absorption is important 
and Kuiper’s result has been interpreted’* to show that the volume mixing- 
ratio of carbon dioxide on Mars is given by 
1-6+0-5 x 10? 

po 
where /, is the ground pressure in mb. For ~, = 85 this gives about 15 times 
as much carbon dioxide on Mars as on the Earth. 

An interesting by-product of this interpretation is that a lower limit is set 
to the ground-level pressure on Mars. Suppose the atmosphere to be pure 
carbon dioxide (C = 1) then we find /, = 13 mb. to give the observed absorp- 
tion which, in view of the uncertainties with regard to the normal optical 
methods, is a very useful lower limit. 

The reflection spectrum of Mars has been searched for many other absorp- 
tion bands of gases. So far, carbon dioxide is the only positive identification 
that has been made, although the upper limits for other gases are not as 
stringent as for oxygen and water-vapour. 


C= 


The Vertical Structure of the Atmosphere 

The aim of a scientific enquiry into the Martian atmosphere must be to 
connect together all the phenomena which have been discussed into a self- 
consistent model with the minimum of ad hoc assumptions. The corner-stone 
in such an enquiry will be the distribution in the vertical of quantities which we 
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can unfortunately only observe “‘in plan.’’ We have enough information at our 
disposal to make a first attempt at this problem, particularly if we make use of 
our experience of the Earth’s atmosphere to help us distinguish the important 
from the unimportant and the possible from the highly speculative. 
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Fic. 6. The vertical structure of the Martian atmosphere. Full 
lines refer to the Earth and dashed lines to Mars. The points 
give rocket measurements of the pressure. 


Data 
kT 
PP. = p, exp (-2/H), H 
mg 
P,(mb.)  g(cm.sec.~*) m T(-K.) H(km.) T(°?K./km.~! 
Earth .. av “a 1013 981 29 246 7-2 9-9 
Mars es aa aa 85 380 28 217 16-9 3-7 


m is the mean molecular weight, 7 the equilibrium temperature, Boltzmann's constant 
and g the acceleration due to gravity. 


The dashed line in Fig. 6 shows the pressure-height relationship on Mars 
assuming a ground pressure of 85 mb. and a constant temperature, equal to the 
equilibrium temperature, throughout. Similar assumptions for the Earth yields 
the full line, which agrees well with rocket measurements, so we can be rather 
confident about this procedure. It will be seen that above 31 km. the pressure 
is higher on Mars than on the Earth. 

If we are correct in believing that E-layer ionization is caused by solar 
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X-rays then we can start by placing a Martian E-layer at the same mass level 
as on the Earth, i.e., at one third pressure. The positions of other ionospheric 
layers will depend on the composition. Coming down from this level we come 
first to the level of carbon dioxide dissociation, due to the photochemical 
action of sunlight, at approximately 145km. This has been very roughly 
estimated for a static atmosphere, but the estimate is probably sufficient to 
show that, at levels where carbon dioxide is important to the heat economy 
of the atmosphere, it will be in molecular form. The comparable level in the 
Earth’s atmosphere is 95 km., where the oxygen also dissociates. The two 
molecules break up together in the Earth’s atmosphere because molecular 
oxygen has broad absorption bands which protect the narrower carbon dioxide 
bands from destructive radiation. On Mars oxygen molecules will exist below 
115 km. if the atmosphere contains the maximum amount allowed by Dunham 
If there is less oxygen, the dissociation level will be lower. 

Above this level, at 135 km., there is another interesting transition, the 
level of vibrational relaxation, below which the rate of exchange between 
translational energy (which is in effect the temperature) and vibrational energy 
(which controls the rate of cooling of the atmosphere through the infra-red 
vibration bands) is rapid, with the result that temperatures cannot depart 
greatly from the equilibrium temperature. In the Earth’s atmosphere this 
level is at 75 km.!”, and below this atmospheric temperatures are within + 50° K. 
of the equilibrium temperature; a somewhat similar range may be expected 
on Mars. Above the level of vibrational relaxation, emission and absorption 
by infra-red vibration bands are no longer of importance and thermal con- 
ductivity is probably the strongest restraint on the temperature. This is a 
fairly weak restraint, however, and the temperature probably rises above this 
level, just as it does in the Earth’s atmosphere, forming the high temperature 
thermosphere above 80 km. 

If there is any oxygen in the Martian atmosphere then somewhere below 
115 km. the coexistence of oxygen atoms and molecules could lead to the 
formation of ozone. In the Earth’s atmosphere there is a maximum ozone 
concentration at 25km., but, allowing as much oxygen as possible in the 
Martian atmosphere, a maximum concentration is not to be expected but only 
a gradual decrease of concentration from the surface upwards. The ultra- 
violet absorption bands of ozone are extremely strong so that the main solar 
absorption occurs high up in the tail of the ozone distribution—at about 55 km. 
on the Earth and at 20 km. or less on Mars depending upon the amount of 
oxygen. The ozone bands are so wide that a large amount of solar energy can 
be absorbed, raising the temperature of the atmosphere substantially—about 
50° K. in the case of the Earth. This could therefore be a very important 
effect on Mars especially if the oxygen concentration is not far below the 
maximum allowed by Dunham. However, we have no positive evidence for 
the existence of either oxygen or ozone so for the present we are obliged to 
neglect direct solar absorption in the atmosphere. 

We now come to the convective layer or troposphere, immediately in 
contact with the surface. It is probable that most clouds are restricted to the 
troposphere and wind measurements will refer to the same region. The extent 
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of the troposphere can be determined by computing the height to which the 
convective layer must extend in order for the region above to be in complete 
static equilibrium. It has been shown'*.!® that the condition for complete 
equilibrium is that the radiation field shall not force a discontinuity of tempera- 
ture at the division between the two regions (the tropopause), a condition 
which is simple to state but complicated to compute. This simple condition 
works very well in the Earth’s atmosphere so there is little reason to doubt 
its validity on Mars. 

Computations of the run of temperature through the troposphere and lower 
stratosphere have been made assuming a ground temperature of 270° K., a 
ground-level pressure of 85 mb., a lapse rate of 3-7° K./km. in the troposphere 
and two alternative compositions which should typify the effects of carbon 
dioxide and water vapour respectively. It is assumed in both cases that the 
majority of the atmosphere is nitrogen and that only one infra-red active 
constituent is present with the same mixing ratio at each level. In one case 
this is carbon dioxide with the concentration indicated by Kuiper’s observations 
and in the other case it is water vapour with a total amount of 10-* cm. of 
precipitable water. On the data at our disposal many more combinations 
should be investigated, but the labour is severe, and until relatively simple 
computational methods (see for example Curtis®®) are available the task is 
probably not rewarding. 

For carbon dioxide alone the tropopause is found to be at 8-5 km., but it is 
rather indefinite since the starting temperature-gradient in the stratosphere is 
only just stable. The temperature continues to fall off far into the stratosphere 
and only becomes approximately constant at 134° K. above 90 km. For water 
vapour alone, on the other hand, the tropopause is at 25 km. and the stratos- 
phere is much closer to isothermal, approaching a temperature of 153° K. 
Decrease in the water-vapour concencentration will give rise to a warmer 
stratosphere, but the highest stratosphere temperature possible for this ground 
temperature is 227° K., with the tropopause at 11-6 km. 


Interpretation of the Cloud Forms and Movements 

We will conclude with a brief attempt to put the information about clouds 
together into a coherent picture. This will be almost entirely restricted to 
consideration of the composition of the clouds, although, if only we understood 
the mechanism of the Earth’s general circulation properly, the kind of computa- 
tion mentioned in the last section, made for a number of latitudes, should be 
enough to indicate the general features of the Martian circulation. A compari- 
son between the two planets would in any case be rewarding since, although 
they have similar Coriolis forces and similar differential heating with infra-red 
absorption and emission to create high-level sinks, they have one important 
difference, namely that the surface of one is mainly oceans and the other mainly 
land. We cannot here go into the chain of effects arising from the water 
surfaces on the Earth, but they are very complex, and a comparison between the 
planets could help to distinguish the most important features. 

With regard to the nature of the clouds let us start by considering whether 
water vapour or carbon dioxide may be expected to condense and form clouds. 
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If the frost-point temperature for the assumed concentration of carbon dioxide 
is drawn in on the particular temperature profile for carbon dioxide alone, 
discussed in the previous section, it is found that the atmosphere is nearest to 
saturation at about 85 km., where the frost-point temperature is still 15° below 
the air temperature. This temperature profile is probably a lower limit to the 
actual temperature profile since the presence of either water vapour or ozone 
would tend to push the temperatures up. It is therefore unlikely that carbon 
dioxide can condense in the Martian atmosphere except perhaps under some 
rather special circumstances. 

On the other hand the particular temperature profile for water vapour 
alone, discussed in the previous section, is intersected in mid-troposphere by 
the frost-point temperature curve for a mixed atmosphere containing 10-* cm. 
of water. In whichever way the water vapour data are treated it is difficult to 
avoid the conclusion that, on occasions, water vapour can probably condense 
at any latitude. 

It has been suggested that a haze of solid carbon dioxide or ice is responsible 
for the appearance of the violet layer. The foregoing discussion makes this very 
unlikely for carbon dioxide and not very likely for water vapour, since even the 
nearly-saturated terrestrial atmosphere produces only patchy and intermittent 
clouds rather than a permanent and complete veil of mist. The optical evidence 
moreover seems to rule out these two substances, since it more or less demands 
that the violet layer particles absorb in the blue and near ultra-violet spectrum 
whereas neither ice nor carbon dioxide have any absorption in this region. 
The chief reason for this assertion is that the violet layer obliterates, and yet 
has an albedo of only 0-05. This is impossible for a non-absorbing cloud 
which, if it is to obscure, must also have a fairly high albedo, as is known to any 
terrestrial observer. Kuiper® has put forward a most ingenious suggestion to 
avoid this conclusion. He assumes that scattering at all angles contributes 
to the obscuration while only backward scattering contributes to the albedo; 
if the backward scatter is small, as it is for fairly large particles, this allows a 
way out of the difficulty. However, the forward scatter in fact contributes 
little to the obscuration since the distance from the violet layer to the surface 
is probably much smaller than the distance between details which are obscured. 
In this circumstance only very large-angle scattering will cause blurring of the 
outlines. The only acceptable explanation of the observations is that the 
obscuration is largely due to absorption in the blue or violet rather than to 
scattering. 

This is also the only acceptable conclusion if, as the observations suggest 
(see the earlier discussion on the violet layer), the opacity of the atmosphere 
varies more rapidly with wavelength than is to be expected from Rayleigh’s 
scattering law in the region of 4,500 A. No purely-scattering medium can 
produce this (see, for example, van der Hulst*’) and an absorption process is 
demanded. Finally, if the violet layer does owe its opacity in the blue and 
violet to absorption, we have a simple explanation of why, in these regions of 
the spectrum, the disc appears so evenly illuminated. A semi-infinite cloud 
with absorbing and scattering particles has just this characteristic property if 
the absorption is large enough. Van der Hulst® gives an example of a cloud 
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of scattering particles with individual albedos 0-3 which shows almost no varia- 
tion of reflectivity with phase angle, exactly as observed on blue images of Mars. 

Thus the evidence points to a haze layer of some material which absorbs 
strongly in the blue and ultra-violet but not at other wavelengths, but before 
speculating about its composition let us examine the other cloud forms. We 
have seen that the polar mists are probably ice clouds. It has been shown 
that water can probably condense, at least on occasions, at all latitudes and so 
it seems reasonable to conclude that the blue clouds, and particularly those 
appearing in the morning and evening and over the poles, are also ice, con- 
densed perhaps on nuclei provided by the material of the violet layer. The ice ; 
particles in the blue clouds must be very small to account for their polarization 
and the lack of contrast in the yellow and red. Larger ice particles are visible at 
all wavelengths, and not mainly in the blue and violet, and their polarization 
corresponds closely with that observed in white clouds. It seems reasonable 
therefore to assume that white and blue clouds differ only in the sizes of the 
ice crystals involved. 

Finally, the yellow clouds have frequently been explained as dust clouds 
rising from the light areas, and this seems to be a very reasonable suggestion. 
It has been objected that wind speeds on Mars are normally somewhat low for 
raising dust clouds, but it must be remembered that the observations refer to 
whole weather systems, which may move very much more slowly than the air 
inside them, as for example in a terrestrial hurricane. 

If this is the correct explanation for the yellow clouds, then it would be 
attractive from the point of view of economy of hypothesis to explain the viclet 
layer as a permanent haze of the same dust. It is reasonable to expect a yellow 
powder to have strong blue and ultra-violet absorptions, and the presence of 
every kind of yellow cloud from small bright ones to large faint veils makes 
likely also the presence of a continuous haze. Lastly, this explanation, if 
true, provides a most attractive reason for the yellow clouds not being visible 
in blue light. A cloud will show very little contrast against a layer of the 
same material provided that the layer is optically thick, e.g., a cloud will not 
be distinguishable against a surface of fresh snow. If the layer is thin, how- 
ever, then the more opaque cloud will be visible against the surface. Now the 
violet layer is thick in the blue and thin in the red and yellow, at least from the 
optical point of view, so that a cloud of the same material would be visible 








only in the yellow and red and not in the blue, exactly as is observed. 
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ERRATA 


Preliminary Report on Observations of Mars made at Mount Wilson 
in 1956 


The following corrections should be made to the paper by Dr. R. S. 
Richardson (J.B.J.S., Jan.—March, 1957, 16 (1), 1-10). 

Page 4, line 1. For 255° + 30°, read 255°, + 30°. 

Page 4, line 7 from bottom. For 255 + 30°, read 255°, + 30°. 


SOCIAL ACTIVITIES 


The Council is always desirous of increasing the usefulness of the Society, both 
to members and to Astronautics in general. In addition to the Society's publica- 
tions, the lecture programmes, and participation in the work of the I.A.F., it is 
hoped that it may prove possible to organize further conferences along the lines 
of that mentioned on p. 114. It is thought, however, that from time to time 
members and their friends might like to participate in other activities of a less 
technical nature. Among such activities which have proved popular in the past 
have been film shows, dinners, informal meetings, visits to research establish- 
ments, conversaziones and exhibitions. The Council has under consideration 
various proposals concerning future events of a similar nature, and would be glad 
to receive other suggestions from members. Three informal meetings have 
already been arranged for the Summer recess (see p. 116). If sufficient members 
are interested, a trip on the Thames may take place on a Saturday in September; 
the cost would be approximately {1 per head (including luncheon). Members 
interested in the river trip are asked to inform the Secretary as soon as possible. 
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“ELECTRO-GRAVITICS”: WHAT IT IS—OR 
MIGHT BE* 


By A. V. CLEAVER,+ F.R.Ae.S., FELLOW 


During the past two years, there can be few people in any way interested 
in either aeronautics or astronautics who have not encountered the unfamiliar 
term ‘“‘electro-gravitics,’’ and reacted to it with perplexity, amusement, 
scepticism, or perhaps a mixture of all three of these attitudes. 

Those within the aircraft and guided weapons industries have probably been 
asked, as I certainly have, ‘‘What is the U.K. doing in this field?”’ by visiting 
Americans, who apparently find it improbable that Britain, with its tradition of 
scientific discovery and invention, is inactive in such a new subject. The reply, 
“Nothing, as far as I know—at least in the sense you mean,’’ is usually received 
with some surprise, while the alternative, ‘‘What 7s ‘electro-gravitics’ ?’’ which 
I have also heard given, is apt to provoke the further inevitable question, ‘‘Are 
you kidding?’’! It is not too difficult to understand this, for in the past a 
familiar pattern has been for new scientific advances to be pioneered over here, 
or on the Continent, and then exploited by our friends across the Atlantic; the 
basic science has been mainly European, even when the technology has become 
predominantly American, at least in its later stages. Perhaps this sequence will 
not be so often the case in future, but any departure from it still occasions some 
comment. 

It has by no means been necessary to circulate within any privileged circles 
to have met this strange new word “‘electro-gravitics.’’ In the United States, 
newspapers and magazines, and nearly all the American aviation periodicals, 
have printed references to current work. Some of these accounts have been 
repeated in British and European papers, again more especially in the aero- 
nautical publications, and sometimes with embellishments. In a few instances, 
the subject has been dealt with in a style of pseudo-scientific gobbledy-gook 
which has been worse than meaningless. The only comment called for on these 
latter is that they obviously emanate from people who realize that here is a good 
technical “‘story,”’ possibly even a very important one, but who do not have 
the facts to write it up properly and who furthermore, to put it bluntly, have 
not the faintest idea what it is really all about. 


American Research on “Electro-Gravitics” 

What are the facts, insofar as they are publicly known, or (as at this date) 
knowable? Well, they seem to amount to this: The Americans have decided 
to look into the old science-fictional dream of gravity control, or “‘anti-gravity,” 
to investigate, both theoretically and (if possible) practically the fundamental 
nature of gravitational fields and their relationship to electromagnetic and other 
phenomena—and someone (unknown to the present writer) has apparently 
decided to call all this study by the high-sounding name of “‘electro-gravitics.”’ 


* Manuscript received 29 January, 1957. 
+ Assistant Chief Engineer, Aero Engine Division, Rolls-Royce, Ltd. 
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Unknown, too—or at least unannounced—is the name of agency or individual 
who decided to encourage, stimulate, or sponsor this effort, also in just what way 
it is being done. However, that the effort is in progress there can be little doubt, 
and, of course, it is entirely to be welcomed. One's only legitimate regret might 
be that, colloquially speaking, the whole business seems to have gone off “half- 
cock,”’ in that some of the reports already referred to, with their facile employ- 
ment of meaningless jargon, have tended to suggest that the project is much 
further advanced than, in all probability, it really is. The fact that there appears 
to be no very high security rating attached to it in itself suggests that definite 
results have not yet been achieved; if and when they are, one would expect 
the usual “‘clamp” to be tightened down. 

The New York Herald-Tribune, in a series of three articles printed in its 
issues for November 20, 21, and 22, 1955, stated that the following American 
organizations, among others, were involved: 


The Glenn L. Martin Co. (Prime contractors, incidentally, of the Vanguard 
satellite vehicle and the Titan ICBM). 

The Convair Division of the General Dynamics Corporation (Builders of the 
Atlas ICBM, and for whom Dr. Edward Teller, of the University of 
California, who is often described as the main creator of the fusion bomb, 
is top scientific consultant). 

Lear, Inc. (a large electronics concern). 

Clarke Electronics Labs. 

The Princeton Institute for Advanced Study (Dr. Stanley Deser and Dr. 
Richard Arnowitt), and Princeton University itself. 

The Universities of Indiana (Dr. Vaclav Hlavaty), North Carolina (Dr. 
Bryce S. de Witt), and Purdue. 


A photograph was reproduced, showing Dr. Charles T. Dozier and Martin 
Kaplan, both of Convair, allegedly engaged on an anti-gravity experiment. 
They were shown facing some apparatus consisting of an assembly of vertical 
discs on a spindle, in casings supported on pillars, with what appeared to be 
electrical connections. 

The Martin Co., which has actually run advertisements appealing for 
scientific research staff interested in gravity, are stated to have placed extra- 
mural contracts, through their Research Institute for Advanced Study (RIAS), 
with Dr. Pascual Jordan and Dr. Burkhard Heim, at the German Universities 
of Hamburg and Goettingen respectively. 

Beyond this list, impressive enough in itself, other sources have linked the 
names of a number of other American firms and universities with the problem, 
and alleged that yet others in France, Italy, Japan, and elsewhere, are also 
involved. One school of thought has therefore concluded that something on 
the scale of the U.S. wartime “‘Manhattan District” programme, which produced 
the first nuclear fission bombs, is already in being. On the other hand, our own 
Arthur C. Clarke tells me that he recently discussed the matter with a well-known 
American science journalist in New York, and was assured that the whole 
business was a case of Much Ado About Nothing, started by “a bunch of 
engineers who don’t know enough physics.” 
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Clarke himself, incidentally, has an amusing theory to account for the start 
of the investigation at about this particular time; it is perhaps improbable, but, 
like all good stories, at least deserves to be true, and certainly to be repeated. 
We all know that his particular literary medium of science fiction is much more 
widely read by scientists, engineers and technical administrators than many of 
them care to admit . . . and it appears that the magazine Astounding Science 
Fiction published a story, about a couple of years ago, which had a striking 
relevance to all the current interest in “electro-gravitics.’’ Called ‘Noise 
Level” and written by Raymond F. Jones, it described how the American 
authorities called together the nation’s greatest scientific brains and 
demanded that they produce an anti-gravity device, claiming (quite untruth- 
fully) that an unknown inventor had already done so, but that he had been killed 
in an accident while demonstrating his results, and all his records and apparatus 
destroyed. They supported this apocryphal story with some impressively-faked 
films and other convincing details, so that the scientists passed through a phase 
of scepticism into one of responding to the challenge with some intensive and 
inspired work. In due course, they came up with the required solution, in 
cruder and more cumbersome form than the device of their alleged anticipator— 
but anti-gravity, none the less. The moral of the story, of course, was the 
claim that nothing is impossible, once it is ““known”’ to be practicable. 

Now, says Clarke, is life deliberately imitating art? Did someone in the 
Pentagon read the story, and decide to see if some modification of this science- 
fictional plot could be transformed into science fact ? 

To return to the two extreme views mentioned earlier, it seems most unlikely 
that the more exuberant (‘‘“Manhattan District’) one is justified; we can be 
fairly certain that it is unfounded, over-optimistic—to say the least, very 
premature. On the other hand, it is perhaps just as unlikely that the alternative, 
very pessimistic, extreme view is justified, either. It is much more probable 
that the work is, by modern standards, proceeding on a quite modest and 
exploratory scale, and that we simply have to wait and see how it will turn out. 
Much of it probably amounts to little more than the fact that American govern- 
ment and industrial agencies have begun to take an interest in some fundamental 
research work which was being done anyway, and to encourage and subsidize 
this, on the principle of casting the bread of dollar currency upon the waters of 
pure physics. A ‘‘guesstimate’’ which I have heard, that the total current 
expenditure is of the order of only 5 million dollars a year, is consistent with 
this view. 

We can at least hope that, if the effort persists, the physicists in the long 
run may provide the essential new and basic knowledge for the “‘ignorant’’ 
engineers to use. It is an exciting thought that even this bare possibility exists: 
that before long, yet another scientific revolution (and one cf the greatest of all 
time) might occur. It might even have started already, although (as we have 
said) this is rather unlikely. At any rate, there is one conclusion which can, 
even at this juncture, be stated with certainty: 

If any anti-gravity device is ever to be developed, the first thing needed is a new 
discovery in fundamental physics—a new principle, not a new invention or 
application of known principles, is required. 














ELECTRO-GRAVITICS 87 


The truth of this statement is clearly not realized by many of the journalistic 
writers on “electro-gravitics.”” The simple fact is, that at the moment, we do 
not know whether gravity nullification, reversal, or control of any kind, is 
possible or not. New fundamental knowledge might show that it is. On the 
other hand, it might place the whole concept in the same class of scientific 
absurdities as perpetual motion machines, or Wells’ Time Machine for travel into 
our own established past; like them, it might violate some fundamental natural 
law of physics or logic. New knowledge of the sort required might come from 
theoretical researches in the more abstruse realms of mathematical physics, or 
from a more or less accidental experimental observation. Both these avenues 
have, in the past, led to fundamental scientific discoveries. 


Devices for Overcoming Gravity 

Also, a distinction should be drawn between a hypothetical device which 
opposes gravity in a fundamental sense, by the application of as yet unknown 
principles, and one which does so (or claims to do so) by the use of existing 
knowledge. This again is a difference not appreciated by many recent 
commentators. 

Thus, several of them (e.g., Jnteravia, 1956, 11 (5), 373-4) have made somewhat 
vague and mysterious references to the work of inventors such as the American, 
Townsend T. Brown, who appear to be experimenting with model flying 
machines suspiciously like the legendary flying saucers, so-called “‘flying con- 
denser discs’ which generate lift by electrostatic charges. Between the two 
world wars, a British inventor named Verschoyle achieved some publicity with 
devices which, if they worked at all, did so by similar means. Nothing funda- 
mental to the nature of gravity is involved, any more so than in the case of 
conventional flying machines, whether aerostats (balloons and airships), or 
aerodynes (aeroplanes, helicopters, etc.), which merely oppose gravity by other 
well-known forces. In all “‘aerodynes,”’ for example, the lift (equal but opposite 
to the weight in level flight) is simply the aerodynamic reaction from the down- 
ward deflection, by wings or rotors, of a mass of air—literally a lifting jet 
(though not so obviously one as that of the Rolls-Royce ‘‘Flying Bedstead’) and 
first-cousin to the exhaust that lifts a rocket. 

The New York Herald-Tribune articles already quoted introduced, in places, 
similar confusions. They bracketed electrostatic lifting devices with the ion- 
rockets well-known to students of spaceflight, which are none the less rockets, 
even though they do generate their lifting or propulsive jets of charged particles 
electrodynamically (by a voltage difference), instead of thermodynamically (by 
the temperature drop during expansion of a substantially neutral gas or smoke). 
Elsewhere, the same series ascribed undue significance (in this context) to the 
old trick phenomenon of “‘levitating’’ an object made of suitable paramagnetic 
material (e.g., aluminium) above the poles of an alternating-current electro- 
magnet. Here again, gravity is merely opposed, not in any way controlled—in 
this case by electromagnetic forces generated by eddy currents in the floating 
body. 

All this is not to say that devices based on any of these electrical or magnetic 
phenomena might not conceivably be of some interest and practical importance 
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in their own right. The point to be made here is just that, even if they were, 
they would not represent anti-gravity, and would leave our power and influence 
over the basic gravitational forces exactly where it is today—in a position of 
complete ingnorance and helplessness. We should merely have substituted one 
brute-force approach for another. 

This would be equally true of another class of ‘‘anti-gravity’’ machine, if it 
were feasible at all, which it is not. This is the purely mechanical contraption 
of oscillating weights, or masses in non-uniform rotation: every few years, 
different inventors produce fresh versions of these, and it is sometimes difficult 
to spot their particular inherent fallacies (a few of them were discussed by the 
writer in a previous paper’). However, fallacious they all are—if an upward 
lifting force is produced on one of their components, a compensating downward 
reaction will always exist on another. This is not always instantaneously true; 
that is, sometimes it is the net (upwards minus downwards) impulse which 
averages out at zero, over a complete cycle of operation. 

If it did not, the inventor would have produced some sort of rocket, which 
might be defined as a device which opposes (but does not neutralize or control) 
gravity, by ejecting reaction mass to outside its own system. Once again, this 
is true of chemical, nuclear or ion rockets, and even (in the relativistic sense of 
equivalent mass) of Dr. Sanger’s ‘“‘photon rockets.”” None of these are closed 
mechanical systems, and no closed mechanical system could achieve a similar, 
gravity-defying, result. 

H. G. Wells’s famous Cavorite (of ““The First Men in the Moon’’) is also 
fallacious, but for a different reason. If we had such a material as he described, 
and could use it as he envisaged, then we could defeat the law of the conservation 
of energy, and so achieve perpetual motion. However, this is not to say that, as 
far as we know at present, we could not build an anti-gravity device of some 
other sort, which worked by the continuous expenditure of appropriate quanti- 
ties of energy (equally, as has already been pointed out, none of our present 
published knowledge suggests that we could). In passing, it is interesting to 
note that the nineteenth-century American astronomer, Simon Newcomb, now 
chiefly famous for his outspoken scepticism about the practicability of heavier- 
than-air flight by aerodynamic means, nevertheless went on record as believing 
that one day it would be achieved by the application of such yet (and still)-to-be- 
discovered principles. 


Our Knowledge about Gravity 

Gravity is, in fact, a most mysterious and intractable phenomenon. It is 
perhaps doubtful whether many people, even technically-trained people, realize 
just how true this is, or whether they notice the conspiracy of silence with which 
it is treated in most textbooks. One is almost reminded of a Polynesian “‘taboo,”’ 
or the Victorian attitude to certain things, like sex or certain parts and functions 
of the body, considered ‘‘not quite nice.’’ The student is taught that all masses 

' . Gmym ; 

attract one another according to the law: F = - = 2 - he learns that it governs 


the stability of the Universe, and the various Newtonian equations which 
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describe its effects, such ash = }$ gf. If fairly sophisticated, he will proceed to 
2oR2 

learn the more accurate versions of the latter (such as:h sci pe R), 
which must be used in celestial mechanics or for the calculation of spaceship 
orbits, to take account of the large variation in gravitational force over great 
distances, introduced by the inverse square law of the field. So he may become 
familiar with such concepts as escape velocity, and may even be told something 
of Einstein’s later relativistic modifications to Newtonian mechanics. 

However, unless he is a very specialized post-graduate student in pure 
science, he is likely to be expected to accept the old idea of ‘‘action at a distance,” 
and it is rather improbable that any of his teachers will draw his attention to 
our complete lack of knowledge of the physical relationship between gravitation 
and other phenomena, simply because we do know nothing, and the academic 
world apparently prefers not to advertise the fact! As the French mathematical 
physicist Borel wrote, many years ago now: 

“There was, however, something rather strange in this phenomenon of gravitation, 
something that distinguished it from other physical phenomena. This was its utter 
immutability and its absolute independence of all external actions. Light is arrested 
by opaque bodies, deviated by prisms and lenses; electrical and magnetic actions are 
modified by the neighbourhood of certain bodies; gravitation alone remains always the 
same, and we have no means of enabling us to either increase or diminish it. Gravitation 
is indifferent to all physical circumstances, and is not affected by the chemical nature 
of bodies.” 

All this is just as true today as when he wrote it. 

More recently, 7ime magazine quoted an interview with Einstein (April 10, 
1950), in which the great man complained that physicists still acted as though 
gravitational effects did not exist; he said, ‘‘I do not believe that it is justifiable 
to ask, ‘What would physics look like without gravitation’?”” He himself, of 
course, firmly believed there was some relation between electromagnetism and 
gravitation, and spent the last years of his life working on a unified field theory 
to express it. He was anxious that his fellow-scientists should attempt to check 
it, but was quoted, in the same article, as saying himself: ‘Affirmation or refuta- 
tion will not be easy, in spite of an abundance of known empirical facts. The 
derivation, from the equations, of conclusions which can be confronted with 
experience will require painstaking efforts and probably new mathematical 
methods.” 

Einstein was far from being the first scientist unwilling to accept gravita- 
tional effects without question, or without seeking to show their relationship to 
other, more tractable, natural forces. More than a hundred years ago, Michael 
Faraday was troubled by similar thoughts. Encouraged by his own classic 
successes in explaining the interdependence of chemical, electrical and magnetic 
phenomena, he conducted numerous experiments dropping weights down the 
old Waterloo shot tower on London’s South Bank (by the present Royal Festival 
Hall), to try and discover some connection between gravity and magnetism or 
electrostatic charge. He was quite unsuccessful in these attempts; nevertheless, 
in a subsequent lecture he said: ‘“They do not shake my strong feeling of the 
existence of a relation.” 

Sir William Crookes was another well-known physicist who worried about 
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this problem, and a search through the scientific journals of the last fifty years 
will reveal that many others kept him company. Although none of the work 
was successful, more was done than the meagre public reports might suggest. 
Thus, one encounters the names of Brush, Crémien, Austin, and Thuring: the 
Majorana brothers in Italy (who made important contributions to the develop- 
ment of the radio valve) once attracted quite a lot of attention with some 
measurements which seemed to show that gravitation was slightly absorbed by 
intervening substance, but these were later shown to be spurious. 

A great modern physicist, Max Born, once wrote that perhaps when we had 
a more complete knowledge of the interaction of forces in the atomic nucleus 
we should find that gravitation was the result of something left over, a sort of 
incomplete compensation. I have seen a very similar expression of opinion by 
Prof. Marcus Oliphant, and in the articles from The New York Herald-Tribune 
already quoted, the following passage occurs: 

“Dr. Deser and Dr. Arnowitt are of the opinion that very recently discovered nuclear 
and sub-nuclear particles of high energy, which are difficult to explain by any present- 
day theory, may prove to be the key that eventually unlocks the mystery. It is their 
suggestion that the new particles may prove to be basic gravitational energy which is 
being converted continually and automatically in an expanding universe ‘directly into 
the most useful nuclear and electromagnetic forms.’ In a recent scientific paper they 
point out: ‘One of the most hopeful aspects of the problem is that until recently gravita- 
tion could be observed but not experimented on in any controlled fashion, while now 
with the advent in the past two years of the new high energy accelerators (the Cosmotron 
and the even more recent Berkeley Bevatron) the new particles which have been linked 
with the gravitational field can be examined and worked with at will’.”’ 


If this point of view proves justified, then perhaps Einstein was mistaken 
when he deprecated the preoccupation of modern physicists with sub-nuclear 
particles, to the exclusion of the great cosmic force of gravity. Our best route 
to a solution may be by this very approach through the back door, as it were, 
then to scale up our knowledge from the sub-microscopic to the macroscopic. 
At any given time, there is always a region of intense scientific activity of which 
the layman, and the engineer, are almost entirely ignorant, even in the sense of 
being largely unaware of most of the things being discussed within it. Even 
with such an awareness, they would be almost incomprehensible, so perhaps it 
is as well that we do not hear about all the doubtful theories and experimental 
results, as yet unconfirmed, which are debated and disputed in the dim half-light 
of this region, like that which precedes the dawn of true understanding. 

A fairly recent example of this sort, which did achieve some premature 
publicity, was Prof. P. M. S. Blackett’s tentative law connecting the magnetic 
field of a body with its spin. Basing his suggestion on the striking coincidence 
of the value of the ratio of these quantities for the Earth, the Sun, and the star 
78 Virginis (for which it had just been measured), Blackett argued, in 1947, that 
perhaps every spinning body generated a magnetic field in consequence. He 

“4 
deduced, from the three numerical values available, that perhaps P = “s .U 


, 


where P is the magnetic field strength, 8 a new constant with magnitude near 
to unity for the units chosen, G the universal gravitational constant, c the speed 
of light, and U the angular momentum. Blackett said: “It is suggested 
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tentatively that . . . the above equation represents some new and fundamental 
property of rotating matter. Perhaps this relation will provide the long-sought 
connection between electromagnetic and gravitational phenomena.”’ 

Unfortunately, although a good deal of scientific interest and excitement 
was aroused at the time, this did not prove to be the case. The suggested law 
was apparently not supported by subsequent data, notably from the observation 
of certain of its deduced consequences, if it had been valid. So, what had 
appeared likely to open a crack in the door to gravitational knowledge proved, 
after all, to be just one more disappointment. 

However, to the layman or technologist there now appear to be an increasing 
number of such stimulating speculations and possibilities. One leafs through 
an abstruse paper or an advanced textbook on theoretical physics, and, along 
with the neutrons, protons, electrons, positrons, neutrinos, mesons, and photons 
—all the ingredients of the Carrollian Wonderland of the nuclear physicist—one 
sometimes sees also the word “‘gravitons.’’ Or one comes across a reference to 
“gravitational waves,’ or an argument about the speed of propagation of 
gravitational attraction ; is it indeed the same as that of light, which is apparently 
what modern relativity theory would say? The suggestion has been made that 
certain experimental observations of the artificial satellite’s orbit might provide 
some check on this point, and hence on current theories, and some anomalous 
observations, of the rate of expansion of the Universe. 

Reference has already been made to the fact that Einstein, at the time of his 
death, was working on unified field theory—a sort of synthesis and extension 
of the relativity and quantum theories which would show the relationship 
between all kinds of physical phenomena, and perhaps explain them in terms 
of a sort of strain in space, consequent upon its true geometrical properties. 
The following quotation is from a broadcast talk given some years ago by 
Dr. Bronowski, on this subject of Einstein’s last published work: 


“One likeness between light, say, and gravity is that they both spread out into space 
in the same way, evenly in every direction from the point where they began; so that the 
strength of each falls off as the square of the distance from there. And then, of course, 
Einstein himself predicted in the theory of Relativity that light must be as it were 
attracted by matter, and was proved right spectacularly in recent eclipses. Another 
likeness has only become certain in the last few years, because it is another consequence 
of the theory of Relativity. This is the discovery that gravitation does not get every- 
where instantly, but travels in waves like electro-magnetic waves, and at the same 
speed, which is the speed of light. Clerk Maxwell was sure that light and electro- 
magnetism are allied when his mathematics showed that they travel at the same speed. 
So it is at least tempting to couple gravitation with them now that we find that has the 
same speed too. 

“Suppose you had asked Shakespeare in the year 1600 this question: ‘What would 
happen on Earth if the Sun suddenly vanished into nothing?’ He would have answered, 
‘It would get dark.’ And if you pressed your question and asked, ‘How soon?’ Shakes- 
peare would say, ‘At once, of course.’ No one in 1600 knew that it takes time for light 
to reach us from the Sun. And Shakespeare would not have given a thought to the path 
of the Earth if the Sun vanished. Because few people then believed that the Earth goes 
round the Sun, and those who did had no notion what kept it there. 

“‘Now suppose you had put the same question to Christopher Wren 100 years 
later, in 1700. By this time it was known that it takes time for light to travel. And 
Christopher Wren, who was a friend of Newton's, of course also knew that it is the 
gravitational pull of the Sun which keeps the Earth on its path; but he supposed that it 
reaches everywhere instantly. So he would answer, ‘If the Sun were suddenly to vanish 
into nothing now, the Earth would at once fly straight out of its orbit, but it wouldn't 
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get dark for about eight minutes.’ And today? We know that gravitation travels no 
faster than light and other waves. So today we should say, ‘If the Sun were suddenly 
to be snatched out of the sky, then the Earth would fly out of its orbit and it would get 


» 


dark, both at the same moment . . . a little over eight minutes from now’. 


Ever since I first heard Bronowski’s talk seven years ago, I have thought 
this passage one of the most striking illustrations ever given of the growth of 
our scientific knowledge. Let us hope that its further growth will be stimulated 
by all the current official and industrial support apparently being given in 
America to those working, as Einstein was, on this important subject that 
Bronowski called ‘‘a unified theory which would at last forge the outstanding 
link between gravitation and electromagnetism.” If ‘“‘electro-gravitics’’ means 
anything, or is ever to do so, it must be just that. 

Quite apart from the absorbing scientific questions involved, this last con- 
sideration raises another point of very great intrinsic interest. If the current 
American programme does succeed in producing any really significant result, it 
will be almost the first time in the history of science that a major fundamental 
advance has been obtained to direct order, primarily with a view to its applica- 
tion. As Sir Edward Appleton remarked in this year’s Reith Lectures: ‘“We 
cannot plan discovery; but we can plan the conditions in which discoveries can 
be made.’’ The Americans would seem to be trying to go a little beyond this 
orthodox view. 

The historical pattern has been almost invariably the same. A theoretician 
has deduced some fact, or even a general law, or else an experimenter has 
stumbled on it (often “stumbled” would be a rather ungenerous term, for the 
scientists would have been looking consciously in a region likely to be productive 
of valuable observations—which takes us back to Sir Edward Appleton). 
Further data are gained from special experiments designed to check up on the 
tentative theory, and so it is finally established. All this work has usually been 
the province of pure research workers at the Universities, although in recent 
years there has been a tendency for some fairly fundamental work to be carried 
out in the research laboratories of big industrial concerns. In any case, the 
motives of the scientists concerned have invariably been their private interests 
and curiosities, so that progress has been more or less spontaneous and sporadic. 

At this stage, it has been rare in the past for any governmental or industrial 
agency to express any interest, other than possibly a philanthropic one, 
and certainly none whatsoever in any application of the new principles. Some- 
times a few laymen (journalists or science-fiction writers!) do, but only to be 
scoffed at for their pains. Often the scientists concerned have been, at least in 
public, among the most sceptical; only rarely in the past have they been very 
interested in such a mundane matter as the application of their work, though 
this ‘“‘ivory-tower” attitude is much less typical for the younger modern 
physicists. 

The next stage has been for some pioneer technologist, or inventor, to apply 
the new principle in a novel device. Often he has had to face derision, opposition, 
and every sort of obstruction and frustration at first, but, finally successful, he 
(or all too often a later successor) finds his ideas adopted at last by the big 
interests of industry and government. A lot of people then say, of course, that 
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they had always realized this would happen, and it also becomes fashionable to 
point to the amazing foresight of the early lay prophets. 

There have been signs for some time that changes are emerging in this classic 
pattern, for reasons which are fairly obvious. On the one hand, recent history 
has convinced the powers that be of the immense value of both pure research 
and technological development, and of the fact that the former, however 
academic it may appear at first sight, usually leads to the latter. On the other, 
modern technical advances are usually so complex and expensive that they are 
tending to be made only when the backing of big interests is available to foster 
them (University laboratories, for example, usually work now with big govern- 
ment grants, rather than private endowments). 

Nevertheless, it has so far remained true that no really fundamental advance 
has been obtained to order; fundamental advances have been made with 
official backing in certain general areas of work, but that is not quite the same 
thing, though it may be approaching it. Nobody “‘ordered” the discovery of 
nuclear fission, for example, any more than that of ~adio-activity. Even in the 
field of invention, much the same considerations apply, although this question 
is a rather different one, and it is quite conceivable that even a major invention 
could be “‘ordered”’ to fulfil some specific need. However, Whittle’s turbojet 
was born from his own spontaneous interest, in the traditional way—though 
radar was what the scientists produced in reply to an official request for 
something like a “death ray” to use in anti-aircraft defence. 

Can the classic pattern, even as already modified by modern trends, be 
further completely transformed, by American methods of high-powered sponsor- 
ship? Faced with an urgent stated need and supplied with sufficient dollars, 
will the delicate flower of creative thought be so nurtured as to produce the 
necessary theories of brilliant insight, and to design the crucial revealing 
experiments? Or will these aids, which work all right for so-called ‘‘pump- 
handle” research, be in this case more like an excessive amount of chemical 
fertilizer, and kill the tender plant? Time alone will tell. 

The Americans have said that they are worried by the relatively small 
amount of basic research undertaken in their country, and by the way in which 
their effort has tended, so far, to be deflected from this direction simply because 
of the enormous research subsidies now available from government and industry. 
Such agencies naturally tend to spend their money on something they already 
understand, to ask for things they know they would like to have. All this may 
be very relevant, for, even when trying to redress the balance by sponsoring 
some very novel and long-term basic research, what could be more under- 
standable than that they should choose something, like the true nature of the 
gravitational field, which, if it could one day be manipulated, would have obvious 
practical applications ? 

The Martin Research Institute for Advanced Study (RIAS), which has said 
that it is interested in this subject, may be an expression of this line of thought. 
A brochure on its activities defines its guiding purpose as: “. . . to observe 
phenomena of nature and to encourage, promote and support investigations in 
search of underlying knowledge of these phenomena. To conduct theoretical 
and experimental studies, to discover the fundamental laws which affect them 
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and to evolve new technical concepts for the improvement and welfare of man- 
kind.”” The freedom of action of the scientific staff is emphasized, and it is 
stated that: ‘‘The areas under investigation are not, in general, related to any 
immediate product development problems of the parent Company.” Operating 
under the overall direction of Welcome W. Bender, RIAS itself describes its 
interest in “‘electro-gravitics” in these soberly-scientific terms: 

“We are conducting an investigation of the general theory of relativity. Its aim is 
to understand the implications of the theory with regard to such things as the nature 
and meaning of singularities in the solutions to the field equations and the properties of 
gravitational radiation. Ultimately, it is expected that the programme will concern 
itself with generalizations of the theory by quantization, or otherwise, to see if such 
generalizations may have physical significance. At the same time, we are undertaking 
an experimental study of the effect of acceleration on the rates of natural clocks. This 
involves an investigation of spectral lines emitted by accelerating ions.”’ 


One final observation: if native Americans produce anti-gravity, by any 
methods, then the achievement will also be notable for being one of the first 
major scientific discoveries or inventions to their credit. This is not meant in 
any derogatory sense, for the Americans might well rest content with their 
great reputation for the subsequent development and application on a vast 
scale of the ideas of others. Nevertheless, it remains an historical fact (possibly 
an historical accident) that more original thought has tended, in the past, to 
emanate from Europe—together (let us admit) with a lot of short-sightedness 
about its application. 

Let us, then, conclude by wishing our American cousins the greatest of good 
fortune with “‘electro-gravitics."” If they succeed in producing an anti-gravity 
device, they will have revolutionized a good deal more than astronautics. 
Aeronautics, too, fairly obviously, but consider also the effects on the design 
and construction of buildings and other structures, the effect on the use of 
cranes, lifts, escalators, stairways—in fact, each and every kind of lifting device 
known to man. Very possibly, too, such a revolution would extend into almost 
all classes of machine, especially those producing, storing, or transforming power. 

This publication, however, is concerned with astronautics, so let us return 
to the thought of the interesting problem awaiting Prof. Derek Lawden, or 
someone of his kind, in deriving all the equations of motion for a spaceship 
which could reverse, to any desired degree, the gravitational forces acting upon 
it from adjacent celestial bodies! And the rocket, after all the work and hopes 
lavished upon it for a couple of generations, might go the astronautical way 
of the dirigible in aeronautics—a vehicle which never fulfilled its promise. 
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It is regretted that pressure of other work has delayed the preparation of the 
index for Vol. 15 of the Journal. It is expected that it will prove possible to 
distribute the index with the July-September issue of the Journal. 
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THE STUDY OF THE UPPER ATMOSPHERE 
BY MEANS OF ROCKETS, AT THE ACADEMY 
OF SCIENCES, U.S.S.R.* 


By S. M. PoLtoskov and B. A. MIRTOV 


The study of the upper atmosphere now being carried out by the Academy 
of Sciences of the U.S.S.R. is of considerable magnitude. On the occasion of 
the International Geophysical Year it has been decided to augment the work, 
and the additional studies will include direct observation by means of rockets. 

The Academy of Sciences of the U.S.S.R. will take part in a series of studies 
in this particular field. In the course of the International Geophysical Year 
it is expected that results on the following subjects will be obtained: 

1. Structure parameters of the upper atmosphere—temperature, pressure 
and composition. 

Movements of the upper atmosphere. 


to 


3. Study of the electrical properties of the upper atmosphere (ionosphere). 
4. Study of cosmic radiation. 
5. Study of the ultraviolet part of the Sun’s spectrum. 


6. Study of the solid composition of interplanetary material (micro- 
meteorites). 
7. The question of the study of corpuscular rays from the Sun also arises. 


We have already begun work on some of these problems; it is proposed to 
develop the work further. 

Let us enumerate some of the more important results obtained during the 
study of the upper atmosphere by direct methods. 

The fundamentally new character of our work in the field of structure 
parameters lies in the fact that the measuring instruments are carried not in 
the rocket itself, but in automatically jettisoned containers. For this purpose 
special mortars are installed on two sides of the rocket, where the containers 
are located. The mortars are themselves faired into the main structure. At 
the required altitude the containers are fired out of the mortars some distance 
from the rocket, and measurements are then made under the most favourable 
conditions. The gases given off by the rocket surround it in effect with a sort 
of gaseous cloud, which by its very nature does not help in measuring the 
parameters of the undisturbed atmosphere. 

Another distinctive feature of our work is the fact that we are obliged to 
recover all the containers by parachute. The recovery system has been well 
proven. All necessary measurements are effected by photographing electrical 
instruments included in the appropriate circuitry. The exposed film is rolled 
into an armoured casette and is preserved intact even when the container makes 
a bad landing. 

* Paper presented at Congrés International des Fusées et Engins Guidés et d’Equipe- 
ments, Paris, 3-8 December, 1956 (organized by Association pour l’Encouragement a la 
Recherche Aéronautique). Translation by Dr. E. B. Dorling of the Ministry of Supply; 
communicated by E. T. B. Smith. 
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We will now dwell briefly on a description of the container and the apparatus 
carried within. 


1. The Instrument Container 

The instrument container takes the form of a metal cylinder about 6 ft. high 
and 16in. in diameter. The bottom part of the cylinder is pressurized and 
contains the power supplies (batteries and accumulators), milli- and micro- 
ammeters, a special type of camera, programme switch, clock and motor driving 
the camera, and all the automatic mechanism for the container. 

The upper part of the cylinder is reserved for glass spheres destined to collect 
samples of air, and for pressure gauges. This part of the cylinder is built in 
such a way that the apparatus contained in it is open freely to the surrounding 
air. 

The wires connecting the spheres and pressure gauges to the programme 
switch and power supplies come from the pressurized portion to the upper part 
of the cylinder by way of a suitable socket. The parachute is attached to the 
perforated top part of the container and to avoid accidents the former is carried 
in a pressurized metal container. The container is jettisoned automatically in 
the descending phase of the trajectory at a height of 10-12 km. above the 
Earth’s surface. At this altitude the parachute deploys. To obtain a good 
landing the rear portion of the container carries a spike, equipped with special 
points, which buries itself in the ground on landing and keeps the container 
vertical. 


2. Particulars of the Experiments 


(a) Atmospheric Composition at Altitudes of 80-95 km. 

In order to resolve this complex task successfully, it is necessary, as we know, 
firstly to obtain a pure and unaltered sample and secondly, to be able to analyse 
it accurately. The first part of the problem has been solved by using glass 
spheres varying from 3 to 3 litres capacity. These spheres, which contain a 
high vacuum, are equipped with special taps which open and close automatically 
at chosen altitudes. The taps are high-vacuum, large-diameter taps, without 
any entry tube. 

The second part of the problem is solved by the method of spectrographic 
analysis of mixed gases. This method allows the analysis of tenths and 
hundredths of cubic centimetres of mixed gas under normal conditions. The 
air is submitted to analysis for oxygen (O,), nitrogen (N,) and argon (A). In 
the analysis the relative error of the measurement for O, and N, does not exceed 
5-7 per cent. and for argon 3-4 per cent. To carry out this analysis, the gas 
is displaced with mercury from the sphere into a capillary-analyser tube of 
diameter 0-4 mm., in which a pressure of 5-10 mm. mercury is built up. By 
passing a high-frequency current through external electrodes the gas is made 
to glow. The spectrum of this light, together with that from special calibrating 
mixtures, is photographed in a spectrograph and then a careful photometric 
study of the photographs is made. We must point out the fact that the air 
samples are collected at the summit of the trajectory, or thereabouts. In this 
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case the speed of the container does not exceed 150-200 ft./sec., so that the 
pressure in the sphere corresponds well with the ambient pressure. It is in this 
way that the container is superior to the rocket itself, in which samples can only 
be collected at high speeds, because of the release of gas from the rocket. 


(b) Pressure at Altitudes of 50-110 km. 
Pressure measurements are made with thermal and ionization gauges. The 
results of these methods of pressure measurement agree approximately with the 
known results obtained in the U.S.A. 


(c) Determination of the Speed and Direction of Winds at Altitudes of 60-80 km. 

We have determined the speed and direction of wind by the creation and 
observation of artificial clouds at fixed altitudes. Special smoke containers are 
used to form these clouds. These containers, like the ones containing the 
instruments, are thrown from the rocket by mortars. This is after having put 
into the mortar one or other of the containers as required. The smoke container 
is made up of five cylinders each containing 15 kg. of smoke material. These 
cylinders are provided with delay fuses. The container explodes at the desired 
instant forming a cloud of smoke at the predetermined altitude. The cylinders, 
by exploding almost simultaneously but at different altitudes, enable a suffici- 
ently complete picture to be obtained of the movement of masses of air within 
the layer in which the artificial clouds were formed. Movements of the artificial 
clouds are photographed by kine-theodolites set out in the area beneath the 
release point. Each cloud is photographed by at least two theodolites, having 
a base of several tens of kilometres. This, after development of the films, allows 
the speed as well as the direction of the clouds to be obtained with great precision. 
However, this method has an upper useful limit of about 80 km. altitude. Above 
this limit the smoke cloud (the particles which form it having a dimension of 
0-5 micron) does not persist in the atmosphere but starts to fall and to disperse 
rapidly, making observation impossible. The same clouds formed at or below 
80 km. persist for a sufficient length of time. Their speeds are subject to 
important variations, but are always high, of the order of 200-330 ft./sec. The 
direction of the wind shows a seasonal character; in the summer from east to 
west, in winter from north to south. 


3. Other Studies 

In the near future and in the course of the International Geophysical Year 
we propose to study: 

1. The structure parameters of the high atmosphere (pressure and tem- 
perature) and its composition at different altitudes using various types of 
equipment. 

It is foreseen (and this concerns all sections of our research) that work will 
be carried out at different altitudes up to 1,000 km. approximately, and at 
different geographical locations (all of the same high latitude). 

2. Movement of the upper atmosphere (winds). 


3. Micro-meteorites (meteoric dust). 
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We propose to organize optical and radar studies of meteors in order to 
obtain results by another and independent method on the densities and move- 
ments in the upper atmosphere, and the number of micro-particles and their 
speed and deceleration. 

There can be no doubt at present that the physical conditions existing in 
the upper atmosphere depend to a large degree or, more correctly, are deter- 
mined fundamentally by the effect on the Earth’s upper atmosphere of the 
outermost layers of the Sun; and the sporadic changes occurring in the upper 
atmosphere and at the Earth’s magnetic poles are essentially determined by the 
changes occurring in the active region of the outer envelope of the Sun: 
photosphere, chromosphere and solar corona. 

From this it follows that fundamental regard should be paid to the study of 
the actions and interactions which undoubtedly exist, but which have not been 
sufficiently established at the moment, or even established at all, between the 
changes which take place in the active regions of the Sun, and the changes which 
occur in the physical condition of the upper atmosphere: changes connected 
with the ionization of the high layers and also the conditions for propagation of 
radio waves; to the variations of the Earth’s magnetic pole, to the intensity of 
cosmic rays as far as the Sun is responsible, to the changes in sky luminosity 
by day and night and the intensity, duration and form of the aurorae borealis, 
to the change of ionic composition and structure parameters of the atmosphere, 
etc. In this respect the general problem can be divided into two problems: 


1. Study of the rdle played by the Sun’s ultraviolet radiation. 
2. Study of the rdle played by the corpuscular currents from the Sun. 


Let us examine these problems from the point of view of the question of 
knowing what new contribution can be made by rocket research. 


1. Study of the Role of the Sun’s U.V. Radiation. 

Since it is already known for certain that with a quiescent Sun, the solar 
corona is the source principally responsible for ultraviolet radiation (in the lines 
as much as in the continuous spectrum), and that the chromospheric protuber- 
ances are responsible for the intense sporadic outbursts of ultraviolet radiation, 
it is natural that one should be extremely interested firstly: 

(a) In obtaining, whilst the Sun is in its quiescent state, as exhaustive 
measurements as are possible on the ultraviolet solar spectrum at all possible 
wavelengths. 

As a result of research carried out in the U.S.A. the ultraviolet spectrum of 
the Sun is now known in sufficient detail. Similar work has been carried out 
in the U.S.S.R. 

We are not aware, from the method point of view, of any particular difficul- 
ties, and at present it is hoped to obtain measurements more complete and of 
greater precision by the use of spectrographs of considerably greater resolving 
power. 

In the remote ultraviolet it is extremely desirable to obtain those regions of 
the spectrum corresponding to most intense rays of the solar corona, e.g., the 
lines Ne VIII, Mg X, and others. 
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(b) However, it will be even more interesting, and it will have a significance 
in principle and will constitute an entirely new result, if measurements can be 
obtained on the ultraviolet radiation over the whole of the accessible region of 
spectrum during chromospheric eruptions. 

This will obviously raise a series of considerable difficulties both in method 
and technique, by the fact that the eruption phenomena are of short duration 
and occur suddenly in such a way that their appearance cannot be predicted. 
Furthermore, the strong eruptions are a very rare phenomenon. 

However, since they are connected with sunspots, their probability is con- 
siderably greater in the period of maximum solar activity, that is to say in the 
period of the International Geophysical Year. 

The second new problem for rockets is the study of the eruption spectrum 
and the photography of the outermost corona at the moment of a total eclipse 
of the Sun. 

It is known that on October 12, 1958, in the Pacific Ocean area there will 
take place a total eclipse of the Sun of long duration. This eclipse occurs at 
the maximum of the solar activity and during the International Geophysical 
Year. 

It is probably very difficult, but not impossible to organize the observation 
of those solar eclipses using rockets. 

Paralleling the complete geophysical programme, one can imagine these 
rockets obtaining measurements of the eruption spectrum and of the corona, 
and photographs of the external corona, and assuring the ultimate recovery of 
the scientific results. 

It appears to us difficult to underestimate the scientific importance of such 
an experiment. 


2. Study of the Réle of Corpuscular Radiation from the Sun. 


It cannot be contested that the corpuscular rays from the Sun play an 
immense réle in the formation of the upper atmosphere layers, and cause to a 
great extent a series of phenomena of sporadic character which occur in the 
upper atmosphere. It is sufficient to cite by way of example phenomena such 
as the aurorae borealis, the disturbance of normal conditions in the ionosphere 
and at the magnetic poles, etc. However, can there be any doubt that at present 
the problem of the physics of corpuscular solar currents has been studied to an 
entirely insufficient extent? The centres of the solar surface, which form the 
source of the corpuscles and the mechanism of emission are insufficiently studied. 
The nature of the particles has not been established with authenticity. Several 
hypotheses exist on the physical conditions existing in a corpuscular beam in 
interplanetary space during its path from Sun to Earth. The conditions of the 
penetration of the corpuscular rays into the Earth’s atmosphere and the 
phenomena which occur as a result are studied in an entirely insufficient fashion. 
Rockets represent in this respect an invaluable research tool. Firstly, they 
allow the study at high altitude of physical conditions existing in a practically 
undisturbed beam, and, as a result, of the behaviour of corpuscular rays at 
characteristic altitudes and at different latitudes. 
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Secondly, just as in the study of the réle played by ultraviolet rays from the 
Sun, perhaps to an even greater extent, it would be extremely desirable to 
proceed to the study of corpuscular radiation from the Sun both for the Sun 
in its quiescent state, as well as during chromospheric eruptions, and other 
events which take place on the surface of the Sun; for example, during and 
after the existence of the great floccular fields. 

It would be particularly interesting to carry out those experiments at high 
latitudes and, in particular, in the zones of maximum intensity of the aurorae 
borealis. 

It seems to us that the study of the Sun’s corpuscular radiation with rockets 
presents no insurmountable obstacle from the scientific and technical aspect. 


TECHNICAL REVIEW 
Compiled by E. T. B. Smiru, B.Sc., D.C.Ae., A.M.I.Mech.E., A.F.R.Ae.S., FELLOw 


The compiler has been taken to task recently for including statements in 
TECHNICAL REVIEW which do not tie up with statements made elsewhere: a 
particular example* was the use of the phrase “‘slows down” as applied to a 
satellite vehicle when it gets its energy reduced by traces of atmosphere and 
dust particles, when the ‘‘paradox’’ of slowing down had been almost simul- 
taneously described in Spaceflight. It seems necessary, in self-defence, to point 
out that TECHNICAL REVIEW is a compilation of quotations (the matter in 
question was a quotation from a U.S. source), and that the compiler does not 
set himself up to be wiser than those, often specialists, whom he reports. 


Rocket Sounding in the U.S.S.R. 

During the meeting of the International Congress on Rockets and Guided 
Missiles (A.E.R.A.), held in Paris during the first week of December, 1956, 
several interesting papers were read. It is impossible to summarize all of these 
in TECHNICAL REVIEW, but the compiler has had access to a translation of the 
paper given by S. M. Poloskov and B. A. Mirtov, which appears to be of such 
importance that it is reproduced on pp. 95-100 of this issue of the Journal. 


Research Vehicles 

The Annual Meeting of the American Rocket Society held in November last 
had many contributions on new research vehicles (Aviation Week, Dec. 3, 1956, 
65 (23), 26-27; Jet Propulsion, Dec., 1956, 26 (12), 1109-1110, March, 1957, 
27 (3), 261-289, 295). 

Papers were read by some of the staff of Aerojet, who described a family of 
sounding rockets based on Aerobee, as well as the Rockaire (or Rockair) system 
and a multi-unit system. Rockaire consists of a short-burning-time solid 
propellent rocket (7,800 Ib. thrust for 1-8 seconds) fitted with cruciform fins and 
a nose-cone for instrumentation, which is fired from an aircraft in a vertical 


* See p. 109 of this issue of the Journal. 
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climb: launched at M = 0-8 at 35,000 ft., the vehicle (called Aerosound) should 
carry a payload of 40 lb. to 45 miles (20 Ib. to 54 miles). Using twe tandem 
motors should get 40 lb. to 110 miles. The multiple-unit system (apparently 
not yet made) consists of a boosted two-stage vehicle, initially weighing 12,400 lb. 
The payload would be a 6}-in. diameter vehicle, weighing 250 lb., which should 
get to 90 miles. By using a 200-lb. rocket in the final vehicle, the payload would 
go down to 50 lb., but it would get to 490 miles. The system would consist of 
four 4,500 lb. x 5 sec. motors (boost) : four 4,500 Ib. x 5 sec. motors (Ist stage) : 
cone 36,250 lb. x 2 sec. motor (2nd stage): and one 8,000 lb. x 4sec. motor 
(3rd stage). All these are in regular production by Aerojet. The Aerobee 
derivatives are two: Spaerobee is an Aerobee-Hi with a solid-propellent-powered 
vehicle as payload and second stage, using a flared skirt to give stability as well 
as being the fairing into the nose of Aerobee-Hi. This should transport the 
ultimate payload of 40 to 60 Ib. to about 400 miles. The other vehicle is really 
a larger Aerobee: the booster is larger, and the vehicle power plant would have 
four thrust chambers fired in pairs, to get 100 lb. to 300 miles. The limit for 
Aerobee-type vehicles is about 25€ miles. The new vehicle has refractory-lined 
chambers (which presumably is the reason why they have to be fired in pairs 
and cannot go the full running time) and each gives 2,600 lb. thrust. These may 
be Nike chambers. The vehicle is 18 in. in diameter. 

Homer E. Newell, Jnr., of the U.S. Naval Research Laboratory, gave a talk 
in which he pointed out that solid-propellent rockets offer the only hope of 
extending geographic coverage of the rocket sounding programme, the main 
reason being the operational simplicity and low cost of such vehicles. The 
Deacon and Cajun rockets, using Nike boosters, cost ‘only a few thousand 
dollars per round”’ compared to 30,000 to 40,000 dollars for Aerobee. The new 
solid-propellent counterpart of Aerobee, Iris, should be considerably cheaper 
than Aerobee. Dr. Newell said that improvements in sounding rocket design 
could be made in such ways as: building the control system as part of the 
experimental payload, so that it would be included only when needed, and not 
be a passenger on many flights; and reducing atmosphere contamination by 
sealing such gas-liberating items as the instruments, tanks, and the motor 
exhaust (after the end of firing) and omitting organic films like paint. 

Other speakers (L. M. Jones, W. H. Hansen, N. W. Spencer, W. G. Stroud, 
and W. W. Berning) pointed out that Nike-Cajun costs 7,700 dollars a time, 
excluding handling and launching, and is on an “‘assemble-it-yourself”’ basis. 

Two new versions of Aerobee-Hi, expressly designed for upper atmosphere 
work in the I.G.Y., were described by J]. W. Townsend, Jnr., and R. M. Slavin. 
These will get from sea level to 140 and 147 miles respectively in an Arctic 
atmosphere, with 150 lb. payload. These figures may be increased by develop- 
ments in motors and structures to 150 and 167 miles. 

Dr. Vassy, of the University of Paris, is reported as saying that the Veronique 
should now go well over 135 km.: the smaller three-stage solid-propellent rocket 
ATEF should get to over 80 km. 

Dr. E. B. Dorling, of R.A.E., Farnborough, described the Skylark vehicle 
to be launched at Woomera during the I.G.Y., but a more comprehensive 
description of the motor than he appears to have given is taken from a talk by 
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D. C. Mandeville of the Ministry of Supply to the A.E.R.A. meeting in Paris 
(Engineer, Dec. 21, 1956, 202, 899). He said: 

“The motor consists of a metal cylinder, 45cm. (17 in.) in diameter by 
480 cm. (16 ft.) long, the diameter being the same as the rocket body. Including 
the nozzle, the overall length is 515 cm. (17 ft.). All-up weight is about 1,000 kg. 
(2,200 Ib.). The body is fabricated from tube sections or seam-welded sheet, 
which is stretchformed and welded to the end sections. The shell consists of 
heat-treated, high-tensile steel, and the ends are machined forgings. A hydraulic 
pressure test is carried out to ensure that the motor will withstand a working 
pressure of 1,350 Ib./in.” 

“The propellent is a plastic composition of ammonium perchlorate and 
ammonium picrate, with a polymeric hydrocarbon. It is filled at a temperature 
of 60° C., and a core former is inserted to form a central cavity, in the shape of 
a seven-pointed star, and at the same time to bond the propellent to the walls. 
The former is subsequently withdrawn. 

“The nozzle is a machined steel forging with a carbon-lined throat, 10 cm. 
(4 in.) in diameter, of an area ratio of 12 :1, giving slight over-expansion at sea 
level. Ignition is by means of a primer at the head end which is fired by a 
cartridge. Experiments showed the need for insulating the inside of the bottom 
end piece to prevent it burning out, and an asbestos phenolic insulation was 
successfully applied for the purpose.” 

The satellite vehicle Vanguard has had some more releases made, this time 
about the guidance and control. Peter Freeman, of Glenn L. Martin Co., gave 
an address to the American Institute of Electrical Engineers, in which he said 
(Aviation Week, Dec. 24, 1956, 65 (26), 54-55): 

“Eight separate control systems will be used, to provide pitch, yaw, and roll 
control during various stages of flight. No fins will be used, to save weight, but 
the thrust axes of the first- and second-stage motors will be moved during flight. 
Three systems will be needed for each of the first two stages, and the remaining 
two systems during the coasting period after second-stage burnout. 

“Pitch and yaw stabilization will be accomplished by linear systems, using 
electronic or magnetic amplifiers between the gyros and hydraulic actuators on 
the gimballed motors, while roll stabilization will be done by on-off control of 
a pair of small jets from the turbo-pump exhaust. Such control can be used 
since the roll needs to be held to within 3°, while the pitch and yaw are held to 
within }°. 

“After burnout of the second stage, control during coasting is provided by 
small on-off rockets acting in pitch and yaw. 

“There is no actual stabilization system in the third stage, which is spun up 
in rol! just before separation from the second stage. 

“Control is difficult in Vanguard (as in other vehicles of the same size and 
performance) because of the great change in all-up weight as the propellents are 
consumed, which causes changes in the position of the centre of gravity and in 
the moments of inertia. There is also difficulty resulting from the flexibility of 
the vehicle, which introduces a feedback loop between controls and the operating 
system, which might result in destructive oscillation. Acoustic feedback might 
also produce resonance in the control system. 
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“For the linear pitch and yaw controls, a displacement-rate type control 
system is used, the rate term coming from a differentiating R-C network. Both 
electronic and magnetic amplifiers are being developed, as an insurance policy. 
The magnetic amplifiers may be lighter, but not so flexible as the electronic ones. 
The gyroscopes are of the floating integrating type, which are apparently very 
rugged and accurate, and can be precessed by an external motor: this permits 
the pitch axis attitude of the vehicle to be tilted to get it into the desired orbit, 
and the gyro table to be set accurately horizontal and then compensated for the 
Earth’s rotation by applying a suitable precession.”’ 


The Effects of Meteorites, and the Lifetimes of Satellites 

Two papers in Jet Propulsion are of interest when we turn our attention to 
the satellite vehicle when it is in its orbit. The first, by Prof. S. F. Singer, of the 
University of Maryland, entitled ‘“‘The Effect of Meteoric Particles on a Satellite’’ 
(Jet Propulsion, Dec., 1956, 26 (12), 1071-75, 1087, 1090), discusses the erosion 
of metal surfaces by meteoric dust, and proposes several physical models for the 
process, which give widely differing results. A description is given of some 
experimental work for the skin of the Vanguard satellite, which is based on a 
radioactive technique. 

The paper is confined to the consideration of micro-meteorites (below one 
microgram in mass) in contradistinction to the work of Grimminger, Opik, and 
Whipple, and the models considered for the removal of metal by the impinging 
particles include sputtering, sublimation, and ‘‘sandblasting.” 

The average flux of dust on to the Earth appears to be about 10" 
atoms/m.?/sec., with an energy per atom of 420 eV. Under these circumstances, 
an aluminium skin would lose, by sputtering, 10 microns in 200,000 years: by 
sublimation 10 microns 1,000 years, but by “‘sand-blasting,’’ 10 microns would 
go in 1,600 sec. The author considers the reasonableness of this result, and 
concludes that the real rate is probably not quite as great as this, but that the 
first two methods are impossibly optimistic. 

The radioactive experimental method consists of using a satellite skin which 
has either a thin beta-radiating layer on the outer surfaces, or which is wholly 
radioactive by immersion in a pile. The beta radiation is monitored by a 
counter behind the skin, and, apart from the diminution in energy recorded due 
to the finite half-life of the artificially radioactive material, there will be a 
reduction due to the erosion of the surface by the micrometeors. The count 
rate should be higher than the background cosmic ray activity. 

The paper discusses the effects of collisions with high velocity gas atoms: 
these may lead to sputtering of the surface, but this would be of importance 
only to space vehicles with velocities greater than 30 km./sec. 

The second paper, entitled “Lifetimes of Artificial Satellites of the Earth,’ 
by Irving G. Henry of Aerojet-General (Jet Propulsion, Jan., 1957, 27 (1), 21-27), 
assumes an exponential decay of atmospheric density with altitude, and it goes 
on to discuss the effects on satellites in circular and elliptical orbits: the 
mechanism of the drag is also considered at some length. For vehicle loadings 
between 10-% and 10° g./cm.? of projected area, and circular orbits, the results 
shown in Table I are obtained. For elliptical orbits, the drag is considered as 
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being significant only in the region of perigee, and as the orbit contracts it is 
shown to transform into a circle: it is also shown that for maximum life, the 
initial orbit should approximate to a circle, and a procedure is given for 
maximizing the lifetime if particular errors of guidance are associated with the 
launching system. 





TABLE I 
Loading, Initial Total No. 
g./cm.? height, of 
km. revolutions 
10-3 340 l 
490 1,000 
600 100,000 
l 170 l 
330 1,000 
490 1,000,000 
108 120 100 
230 10,000 
330 1,000,000 











Solid-propellent Rockets for Very High Velocities 

In a paper in Jet Propulsion, Dec., 1956, 26 (12), 1084-87, J. W. Wiggins, of 
the Thiokol Chemical Corporation, discusses the use of solid propellents in body 
tubes which are very light. He derives relations for the increases in performance 
which are obtained, and goes on to consider the effects of putting lighter cases 
round a propellent with a specific impulse of 192 sec. by improving the ratio of 
total impulse to filled weight from 144 to 173 sec. (i.e., from 75 to 90 per cent. 
weight efficiency) the all-up weight of a three-stage vehicle designed to accelerate 
1,500 lb. to 15,000 ft./sec. in free space is reduced from 141,000 Ib. to 35,000 lb. 
The author indicates some of the ways in which good weight efficiencies may be 
obtained, and emphasizes the good features of case-bonded propellenits, which 
use all the available volume in the body, and prevent overheating, as well as 
the need to use materials of very high strength-to-weight ratio, such as new 
aluminium alloys and titanium alloys. 


Propellents and Materials 

The N.A.C.A. have released some calculations done on propellent systems 
based on fluorine (Aviation Week, Nov. 19, 1956, 65 (21), 55, 59). They assumed 
equilibrium composition during expansion, and took the working pressure range 
as being between 300 Ib./in.? abs. and one atmosphere, and obtained the data 
on specific impulse given in Table II. For comparison, liquid oxygen/alcohol 
(methyl or ethyl) has a specific impulse of less than 250 sec. under the same 
conditions. Although it is not stated, the mixture ratios were probably close 
to stoichiometric. 

With regard to hydrazine, a note in Aviation Week, Dec. 24, 1956, 65 (26), 56, 
states that the Lord Manufacturing Co. of Erie, Pa., has evolved on a laboratory 
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scale a method for making it by synthesis from ammonia, passing the gas 
through a radio-frequency electromagnetic field of steadily diminishing intensity, 
under controlled pressure, temperature, and residence time. The process has 
been developed since 1944, and a pilot plant is now to be built. 





TABLE II 
Specific 
Propellants impulse, 
seconds 
Liquid fluorine/liquid hydrogen . . we - 365 
Liquid fluorine/liquid lithium .. ee o* 335 
Liquid fluorine/liquid hydrazine . . ' 315 
Liquid fluorine/(36-3 per cent. liquid ammonia 
+ 63-7 per cent. hydrazine) .. - se 314 
Liquid fluorine/liquid ammonia .. os 312 
(Liquid fluorine + liquid oxygen)/ JP4. o 299 
Liquid oxygen bifluoride/hydrazine Sa . 299 
Liquid oxygen bifluoride/(36-3 per cent. liquid 
ammonia + 63-7 per cent. hydrazine) i 296 
Liquid oxygen bifluoride/liquid ammonia 292 











On the materials side, a joint meeting of the American Rocket Society and 
the American Society of Mechanical Engineers received a paper on molybdenum 
from R. R. Freeman and J. Z. Briggs, of the Climax Molybdenum Co. (/e¢ 
Propulsion, Feb., 1957, 27 (2), Part I, 138-147). They said that molybdenum 
alloys were becoming available which would have, at 1,600° F. (871°C.), a 
stress for rupture in 100 hours of about 70,000 lb./in.*: this is obtained with an 
alloy containing 0-45 per cent. of titanium, and is very much better than a steel 
alloy, which may be down to 10,000—20,000 Ib./in.* at the same temperature. 
A major defect of molybdenum and its alloys is the high rate of oxidation at 
temperatures above about 1,000° F. (538° C.) in the air, but temperatures of 
up to 2,600° F. (1,427° C.) can be used if there is an oxygen deficiency. 

At the same meeting, Leon Green, Jnr., of Aerojet-General, discussed 
graphite as a structural material for high temperatures. He said that, if suitably 
coated or used only in inert atmospheres (graphite is attacked by both oxygen 
and hydrogen), it should be valuable for parts exposed to hot gases. Helium 
at 2,000° C. had been passed over graphite at high velocity, without more than 
a slight roughening of the surface. 

In Aviation Week, Dec. 17, 1956, 65 (25), 57, 59-61, Dr. G. A. Hoffman of 
the RAND Corp., Santa Monica, Calif., described some work done on the 
evaluation of beryllium as a material of construction. The metal is normally 
brittle, but once this can be overcome, it should be able to produce structures of 
about 40 to 60 per cent. of the weight of a conventional aluminium structure. 
When compared with steels, the advantage is retained up to 1,000° F. (538° C.). 
On buckling, the metal should be good, since it has a low density (0-066 Ib./in.%) 
and high modulus of elasticity (44 x 10®lb./in.?)._ Unfortunately, beryllium is 
very expensive at the moment: the powder alone is valued at about 100 dollars 





106 E. T. B. SMITH 


per lb., and powder metallurgy seems to be needed on a big scale if useful 
structures are to be made. 


Extension of the I.C.A.O. Standard Atmosphere 

An extension of the 1.C.A.O. Standard Atmosphere data has been prepared 
by the U.S. Weather Bureau and the Geophysics Directorate of the U.S. Air 
Force Cambridge Research Centre, which goes up to 300 km. instead of 20 km. 
as before (Jet Propulsion, Dec., 1956, 26 (12), 1097). Some data are given in 
Table ITT. 





TABLE III 
H Z z T™ 7 M P 
0 0 288-16 288-16 28-966 1-01325 108 
00-0065 
11,000 11,019 216-66 216-66 | 28-966 2-2632 10? 
00-0000 
20,000 20,063 216-66 216-66 28-966 5-4748 10! 
00-0000 
25,000 25,099 216-66 216-66 28-966 2-4886 10! 
0-0030 
32,000 32,162 237-66 237-66 28-966 8-6776 10° 
00-0030 
47,000 47,350 282-66 282-66 28-966 1-2044 10° 
0-0000 
53,000 53,446 282-66 282-66 28-966 5.8320 10-} 
0-0039 
75,000 75,895 196-86 196-86 28-966 2-4521 10-2 
0-0000 
90,000 91,294 196-86 196-86 28-966 1-8154 10-3 
0-0035 
126,000 128,548 322-86 278-88 25-02 1-4510 10-5 
0-OL00 
175,000 179,954 812-86 686-13 24-45 61895 10-7 
0-0058 
300,000 314,859 1537-86 1024-67 19-30 1-4473 10-8 














The symbols have the following meaning: 


H_ altitude in geopotential metres. I molecular scale temperature, °K. 


Z altitude in geometric metres. T real kinetic temperature, °K 
L temperature lapse rate, °K./geopotential M _ molecular weight, g./mole 


metre. P pressure, millibars. 
Research Facilities 

This is the section which is always calculated to make the British reader go 
green with envy. This time, Aviation Week (Jan. 21, 1957, 65 (3), 28) mentions 
that the N.A.C.A. is seeking 118-2 million dollars for the fiscal year 1958; this 
includes four new hypersonic facilities. For example, Langley Aeronautical 
Laboratory wants $1,987,000 for a Hypersonic Physics Test Area Storage for 
explosives, fuels and oxidants; rocket test cells for Mach Numbers up to 20 and 
above; projectile test unit ; chemical jets giving 11,0003 F’ (60903 C.) ; and hyper- 
Ames Aeronautical Laboratory wants $11,731,000 for a Hyper- 


velocity guns. 
Lewis Flight 


sonic Tunnel—3-5-ft. test section, Mach Number from 5 to 10. 
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Propulsion Laboratory wants 5-7 million dollars for a Rocket Systems Test 
Facility, and there are, of course, other projects. 

The Aerojet test stands at Sacramento, Calif., are reported (Aviation Week, 
1956, Dec. 24, 65 (26), 56), to be capable of handling liquid-propellent rockets 
of up to 300,000 Ib. thrust, with facilities for simulating altitude conditions (at 
starting only, presumably). There are four sets of test stand pairs: each stand 
has three firing positions, with a common instrumentation system. The size of 
the stands ranges from 50 ft. wide x 50 ft. high x 67 ft. deep to87 x 100 x 82 
ft. The instrumentation system has 104 channels of low frequency, 192 of 
medium frequency, and 24 of high frequency. Most of the data is put on 
magnetic tape, and the reduced results are available 30 minutes after firing. 

There is a pump test facility, with 2,250 h.p. available at 30,000 r.p.m. 


Current Research Work 

Besides the interesting papers by Simmons and Wolfhard (pp. 44-48), 
on the structure of chlorine flames, and by Bartz (pp. 49-51), on heat transfer 
in rocket nozzles, in /et Propulsion, January, 1957, 27 (1), note should be made 
of work which is being done on the behaviour of free radicals. A three-year 
basic research programme is being organized by the National Bureau of Stan- 
dards (Aviation Week, Dec. 17, 1956, 65 (25), 31), to look into the prospects of 
using those molecular fragments in propulsion, solid-state chemistry, and basic 
chemistry: it will be necessary to investigate the formation, properties and 
storage of the radicals. Apparently the proposal that controlled free radicals 
might have a use in rocket propulsion came from Dr. Fritz Zwicky, Aerojet’s 
consultant, and the U.S.A.F. Office of Scientific Research also has contracts 
with Aerojet and Phillips Petroleum Corporation for studying the possibility, 
as well as with ten universities. Some advances which have already been made 
include experiments on the release of stored solar energy (already noted in 
TECHNICAL REVIEW) and on the gain of thrust from recombination of radicals 
in rocket-motor exhaust nozzles. 

As a preview of the 1.G.Y. firings, the United States National Committee for 
the I.G.Y. recently fired six sounding rockets successfully from the arctic site 
at Fort Churchill, Canada (Jet Propulsion, Jan., 1957, 27 (1), 52-53). Apart 
from getting used to the techniques of firing rockets in cold climates, the tests 
were also fruitful in getting more data on ionosphere properties. The firings 
included: 

1. Oct. 20, 1956. Nike-Cajun. Pressure, density and temperature instru- 

mentation. 100-lb. payload to 70 miles. 

Oct. 23, 1956. Air Force Aerobee. Same instrumentation as 1. 200-lb. 

payload to 90 miles. Damaged launching tower. 

3. Nov. 5, 1956. RV-N-13B Naval Research Laboratory Aerobee. Auroral 
particle instrumentation. Exploded in launcher. 

4. Nov. 11, 1956. Signal Corps Engineering Laboratory Aerobee. Grenade 
experiments to measure temperatures and winds. 220-lb. payload to 

45 miles. Damaged launcher. 


to 
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5. Nov. 15, 1956. RV-N-13B NRL Aerobee. lIonospheric exploration instru- 
mentation. 180-lb. payload to 80 miles. 

6. Nov. 17, 1956. RV-N-13B NRL Aerobee. Pressure, temperature, and 

density instrumentation. 190-/b. payload to 130 miles. 

Nov. 20, 1956. RV-N-13C Aerobee-Hi. Three mass spectrometers to 

measure composition of air and ions. 160-lb. payload to 157 miles. 


I 


Fort Churchill is right in the arctic aurora zone, which makes a considerable 
contrast with the conditions at most other firing sites, like White Sands, which 
are in or near the tropics. Recovery of vehicles is out of the question at Fort 
Churchill, as the ground is covered with snow in the winter and is very soft or 
marshy in the summer. 


Environmental Problems 

Since it is no good, as Channel passengers have found, to go for a voyage 
unless one is assured of reasonable comfort on the way, we may consider two 
papers on the subject of environment. Dr. Hubertus Strughold of the School 
of Aviation Medicine said (Aviation Week, Dec. 24., 1956, 65 (26), 59), that he 
thought it would be necessary to produce, in vehicles travelling through space, 
an artificial day/night sequence to enable the human beings to function properly. 
He went on to discuss the difficulties of time adaptation of long-distance aircrew 
on the Earth, and pointed out that too frequent shifts in their physiological 
sleep and wakefulness cycle might result in chronic fatigue and other 
disturbances. 

At the Wright Air Development Centre, it is proposed (J. Franklin Inst., 
Jan., 1957, 263 (1), 34) to submit a crew of five to a 120-hour simulated mission, 
in a dummy aircraft cabin. There will be a flight simulator, and the crew 
will be required to “‘fly”’ the “aircraft’’ in the normal manner: there will be 
a galley and the other necessities of life, and there will be “emergencies” 
(smoke bombs, sudden changes in instrument readings, etc.) to check how the 
crew's reaction time is behaving. Records will be made of physiological 
behaviour of brain, heart, and skin and the crew will be. watched by television 
and their speech recorded on tape. Each man will have a choice of three 
programmes of recorded music from the communication system. 





Eighth International Astronautical Congress 


The Eighth International Astronautical Congress will be held in Barcelona, 
October 7-12, 1957. As is usual, the programme will include technical papers, 
business meetings of the International Astronautical Federation, tours and other 
social events, including an official banquet. A further announcement will be 
made in the July-September issue of the Journal. 

Members who plan to attend the Congress should notify the Secretary without 
delay. It will be possible to obtain air or rail transport at reduced rates if 
sufficient persons travel together. 
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CORRESPONDENCE 


(In these letters to the Editor, some passages have necessarily been omitted) 


Electrostatic Generator 
SIR, 

The article by Dr. Brosan (jJ.B.J.S., 1955, 14, 270) on the electrostatc 
generator indicates that this machine is the answer to the maiden’s prayer 
as far as the “ion rocket” is concerned. The chief difficulty of application of 
the linear accelerator principle is the mass of the power plant, mostly based in 
the proposed very large electromagnetic generator. Ifthe electrostatic generator 
could be used instead, this mass could be substantially reduced, enabling a 
smaller rate of mass flow to be used for a given acceleration: it is the minimum 
acceleration required for safety which will determine most of the other variables 
in this configuration. 

The output p.d.’s quoted by Dr. Brosan are rather larger than the optimum 
for an accelerator, and, of course, the machine is A.C. One imagines that the 
voltage and rotor r.p.m. could be reduced to acceptable values by using larger 
vane areas, which should still leave the electrostatic generator several orders of 
magnitude lighter than the electro magnetic machine, but high voltage brush 
gear, even in a vacuum, would be very difficult to operate. 

Despite these difficulties, however, it does seem that the electrostatic 
generator is particularly applicable to the ion rocket, possibly converting it into 
an economic Earth-Moon ferry, in which case we may see the prototype built 
within our lifetime. 


St. John’s College, Cambridge. P. BRADSHAW. 


Dr. Brosan writes: “I had not seriously considered the possibility of using 
such a machine for particle acceleration. 

The rectification of output is possible, of course, using “‘valves’’ which would be 
in a vacuum, but without detailed consideration I would not like to say whether this 
ts potentially practicable. Brushgear in vacuum is utterly impossible. Another 
method would be that of a homopolar electrostatic generator, similar in principle to 
a homopolar plating generator. I will see if this, too, is practicable.” 


The Satellite Paradox 


DIR, 

In “Technical Review’ in your Journal, November-December, 1956, Mr. 
E. T. B. Smith describes the satellite instrumentation. The author says: 
“There are forces which will act on the satellite and which will slow it down 
and ultimately destroy it.’’ Yet in the January issue of Spaceflight, Mr. C. A. 
Cross rightly points out that this is a very common error. The drag will in fact 
speed up the satellite. Mr. Smith goes so far as to give an estimate for the 
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lengthening of the period of revolution (41 milliseconds for an orbit at 300 km. 
altitude). 

I think that Mr. Smith is obviously wrong. Still, does his calculation show 
that the period of revolution of the satellite will be shortened by 41 milliseconds 
per orbit? I would suggest that the matter should be discussed more fully in 
one of your periodicals. It is obvious that the satellite will eventually slow 
down when coming back to Earth. But then it ought to be considered a missile 
and not a satellite. But when does the moment of slowing down begin? And 
how should the operation of atmospheric braking be performed in the case of 
a manned spaceship? 

Yours sincerely, 
Kredytowa 6, Warszawa, Poland. JANusz THOR. 
February 2. 


(Mr. Smith replies in ‘Technical Review” on p. 100—Ed.) 


SIR, 

Two recent papers!:? have independently made the point that when a satellite 
encounters air resistance it is speeded up, instead of slowed down as might have 
been expected. 

This paradox has led me to speculate on the behaviour of a composite 
satellite, made up of a light sphere and a dense one linked by a thin cord. A 
qualitative application of the above principle suggests that air resistance will 
speed up the light sphere more than the dense. Thus it would appear that the 
light sphere should take the lead and tow the dense one behind it. When we 
realize that this would mean that a parachute would actually stream out ahead 
of a satellite and pull it along, and that aerodynamic stability would be com- 
pletely upset, it seems that the matter is worth a more careful investigation. 

The analysis set out in King-Hele’s paper is entirely adequate for this 
purpose. Consider two bodies: (A), of mass m, and drag D,, and (B), of mass m, 
and drag D,. Then we may readily show that the two bodies will line up in 
the direction of motion, at an angle @ below the horizontal, and with velocity V, 
where: 


») ae 2 
Sa 
(m, + m,)gR? 
and V?= gR?@/r ada ig is + - an oA (2) 


if R = radius of Earth, y = radius of orbit, and g = surface gravity. 
Also, if m,/D, is greater than m,/D,, then the body (A) will take the lead, 
and the tension in the cord will be: 


ee SNE on) + gages “eet eal ap aa 
mM, + My 
Thus once again we encounter an unexpected result, for these equations 
mean that the light sphere stays in its proper place behind the dense one, and 
aerodynamic stability obeys the normal rules. How then do we reconcile this 
result with the naive appreciation of the problem set out in the second paragraph 
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of this note? I think that the contradiction disappears when we realize that 
the prime paradox applies to the tension in the string as well as to the aero- 
dynamic drag forces. Thus the tension of the string adds on to the small drag 
of the leading dense sphere to cause it to increase speed faster than it would 
alone, and the tension subtracts from the drag on the trailing light sphere so 
that its speed increases at this same rate. 

Finally, if the cord is severed, the immediate effect is that the velocities of 
the two components remain unchanged, but they deviate by small angles above 
and below the previous line of flight. Because of this the distance between 
them at first increases, even although the trailing sphere immediately starts to 
pick up speed faster than the leader. 

Yours sincerely, 
284, London Road, Northwich. C. A. Cross. 
February 6. 


REFERENCES 
(1) D.G. King-Hele, /.B.J.S., 1956, 15, 314. 
(2) C. A. Cross, Spaceflight, January, 1957, 1 (2), 48. 


SIR, 

Though there is nothing that I disagree with in Mr. Cross’s first ‘“‘paradox,’” 
I would prefer to re-word his explanation so as to emphasize that the blunt 
statement “‘air resistance speeds up a satellite,” is not true. If we imagine a 
satellite moving happily in a circular orbit im vacuo and suddenly meeting air 
drag, it at first slows down. But because it slows down, it begins to “‘fall out 
of its orbit’’ and the small component of gravity acting along its descent path 
soon overcomes the very small drag, so that the speed begins to increase again, 
and, after one-third of a revolution, attains its original value again. It goes on 
increasing until it has reached the (slightly greater) orbital speed appropriate 
to its new (slightly lower) altitude. By then it has no tendency to fall out of its 
orbit, so it moves horizontally again for a moment. But the action of drag 
reduces its speed and sets off the cycle all over again (this argument shows, 
incidentally, why the speed at any altitude will be near the orbital speed 
appropriate to that altitude, as long as the drag is very small). 

Surely it is not so very paradoxical that a body which is falling should gain 
speed. While in its orbit the satellite cannot fall; but once air drag has slowed 
it down a little to give it a chance, it does its best to behave like other falling 
bodies. 

My recent paper? gives the mean values of velocity v and angle of descent 6, 
and does not show the small oscillations described above. The amplitude of 
the oscillations in @ is !'2d — 0,|, where d and @, are the values of drag/weight 
and @ respectively at the somewhat arbitrary point where the satellite ‘‘enters 
the atmosphere.”’ For a satellite with the drag parameter A = 0-02 (see p. 323 
of my paper® for definition of A) “entering the atmosphere” at 200 n. miles 
altitude, the initial amplitudes of the oscillations in @ and v are about 3 x 10-° 
degrees and 0-01 ft./sec. respectively, if 9g= 0. These oscillations are too small 
to be perceptible on the scale of Fig. 2 and 3 in my paper; further, they die out 
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gradually as the satellite descends; and, of course, if 0, = 2d there are no 
oscillations at all. So these oscillations are of no importance for a normal 
satellite, but they might be for the abnormal one envisaged by Mr. Cross in his 
letter. The equations (1) and (2) which he gives will define the motion of the 
centre of gravity of the system (provided the string remains taut), but they do 
not preclude rotation about the C.G. It is true that in-line motion is one 
possibility and this motion may seem to be aerodynamically stable because the 
drag exerts a restoring moment if the equilibrium is disturbed ; but the restoring 
moment is negligibly small at high altitudes. Thus it seems likely that any 
disturbance, e.g., an initial rotation or the oscillations in @ already described, 
would set the system oscillating and perhaps even make the whole apparatus 
revolve like chain-shot or a South American bolas. If the system did remain 
in the in-line position, however, Mr. Cross’s analysis seems to describe what 
happens in a satisfactory way. 

It should be remembered when discussing these amusing habits of satellites 
that we are assuming a spherical Earth. For many purposes this is a good 
approximation, but it can make some of the more detailed speculation a little 
unrealistic. 

The answer to Mr. Thor’s question, ‘“‘when does the moment of slowing down 
begin ?”’ is given in my paper, at the bottom of p. 321, for a particular example. 


Yours sincerely, 
Ministry of Supply, Guided Weapons Department, D. G. Kinc-HELE. 
Royal Aircraft Establishment, Farnborough, Hants. 
February 28. 
REFERENCES 


(1) C. A. Cross, Spaceflight, January, 1957, 1 (2), 48. 
(2) D.G. King-Hele, J.B.7.S., 1956, 15, 314. 


Solid Propellent Rockets 
SIR, 

With regard to Dr. W. R. Maxwell’s review! of my book, “Solid Propellent 
Rockets’, the author would like to express some comments. 

The somewhat patchy nature is indicative of the state of the art. The solid 
propellént field is largely held within the grips of military security or trade 
secrecy. This was indicated in the large (2,000 entries) unclassified solid 
propellent bibliography recently completed by the author under the sponsorship 
of Project Squid, Forrestal Research Center, Princeton, N.J. Although there 
was much on internal ballistics, it was much too scattered. There was also very 
little on motor design since this phase is an empirical military art. 

The section on British rockets is, true, quite poor, but there was little 
available information here. Frankly, it was a case of this or nothing. Equation 
2-8 is very useful for ‘‘ballpark’’ values and the examples presented are of this 
nature. Incidentally, example 3 on page 68 is used to show how very poor the 
reaction is even assuming the best possible conditions. 
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The bibliography mentioned above comprises the second portion of the 
work. It is in the process of being published by Project Squid. The third 
section of the book is entirely composed of propellent chemistry and internal 
ballistics. Work on this phase is now being carried out in co-operation with 
the Missile and Rocket Section (MARS), Research Institute for Science and 
Engineering, University of Detroit. 

The reviewer states that there is little on motor design or internal ballistics. 
An entire chapter (42 pages) is presented for internal ballistics. About six of 
these pages are given over to motor design. On the other hand there is not a 
“considerable amount of space’’ devoted to guidance and control (three pages). 
At the present state of the solid propellent art, testing is definitely not of an 
ancillary nature. Approximately one-third to one-half of a solid propellent 
firm’s budget goes into testing! 

The book is now in its third printing and a tabulation indicates that over 
75 per cent. of the sales are to technical people and firms engaged in rocket 
development. The price of the book is commensurate with production and 
distribution costs. 

Sincerely, 
Box 1112, Wyandotte, Michigan, U.S.A. ALFRED J. ZAEHRINGER. 


January 7. 
REFERENCE 
(1) W. R. Maxwell, /.B.7.S., 1956, 15, 292. 


Sovereignty in Space 
SIR, 

I read with interest the article by Professor John Cobb Cooper in the 
November-December. 1956, issue of your Journal. It seems to me that the 
terms he suggests on page 307 will only create confusion, especially if a term 
used in the Convention on International Civil Aviation (viz., ‘‘air space’’) is 
designated as ‘‘territorial space’ in a new international agreement. Moreover, 
it appears that the suggested “‘contiguous space”’ falls also, albeit more limited, 
under the sovereignty of the state “above its territory.” 

I suggest that the following classification is more descriptive and 
unambiguous: 


territorial space air space (0-100 km.) 
(0-300 km.) 

(sovereign rights) upper space (100-300 km.) 

outer space interplanetary space 
(beyond 300 km.) (300 km.—Pluto) 


deep space (beyond Pluto) 
Yours truly, 
127, Maitland Avenue, Valois, Montreal 33, Canada. B. KORTEKAAS. 


February 7. 
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JOINT ACTIVITIES 


Symposium on High Altitude and 
Satellite Rockets 


A very important astronautical event will shortly take place in this country, 
when a symposium, organized jointly by the British Interplanetary Society, the 
College of Aeronautics, and the Royal Aeronautical Society, is held at the 
College of Aeronautics, Cranfield, Bucks., on July 18-20, 1957. In addition to 
the distinguished speakers mentioned below, many official representatives from 
NATO countries will be present. 

The Symposium will be devoted to discussions of the problems of designing, 
constructing and operating high-altitude rockets and satellite vehicles and will 
be concerned also with their usefulness as tools for scientific research. It is 
intended, primarily, to bring together people in the rocket and missile field, 
scientists engaged in high-altitude rocket investigations as part of the I1.G.Y., and 
others with similar interests to discuss the future, non-military applications 
of rockets. The programme of the symposium will include lectures, prepared 
and informal discussions, a film show of recent rocket developments, and an 
exhibition. The lectures will be delivered in three morning and two afternoon 
sessions, and the exhibition will be open on Saturday, July 20. 

Accommodation will be provided for Symposium participants, at the College, 
on the nights of July 17, 18 and 19. This will be limited to a total of 150 
persons. 

The provisional programme of the Symposium is given below; the lectures 
will be followed by discussions. 


Wednesday, July 17 
7.00 p.m. Symposium assembles. 


8.30 p.m. Informal reception. 


Thursday, July 18 
Morning. Scientific Uses of High Altitude Rockets and Artificial Satellites, 
by Prof. H. S. W. Massey, F.R.S. (University College, London). 
The Earth Satellite Programme, by Milton Rosen (U.S. Naval 
Research Laboratory, Washington). 
The Gassiot High Altitude Rocket, by W. H. Stephens (Royal 
Aircraft Establishment, Farnborough). 
Afternoon. Propulsion Problems, by Prof. A. D. Baxter (College of Aero- 
nautics). 
Design Problems of Large Rocket Vehicles, by K. J. Bossart 
(Convair-Astronautics). 
Evening. Film Show of rocket developments. 
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Friday, July 19 


Morning. Re-entry and Recovery, by Dr. W. F. Hilton (Armstrong-Whit- 
worth), and Dr. N. C. Freeman (National Physical Laboratory, 
Teddington). 


Problems of Materials, by Dr. P. Murray (Atomic Energy Research 
Establishment, Harwell). 
Afternoon. Guidance, Instrumentation and Telemetry, by Dr. A. W. Lines 
(Royal Aircraft Establishment, Farnborough). 
Current Picture of Research in Bio-Astronautics, by Dr. Hans 
Georg Clamman (U.S. Air Force School of Aviation Medicine). 
Psycho-Physiological Hazards of Satellite Flight, by Lt.-Col. J. P. 
Henry (U.S. Air Research and Development Command). 
Evening. Symposium Dinner (dress informal). 
Saturday, July 20 
Morning. Future Developments, by Dr. L. R. Shepherd (Atomic Energy 
Research Establishment, Harwell). 
Morningand Exhibition of Rocket Components, Models and Instruments. 
Afternoon. Demonstrations. 
Afternoon. Cricket Match: B.I.S. XI versus Wharley End C.C. 

Reprints of the principal papers will be provided to all Symposium partici- 
pants, who will be charged a Conference Fee of {4 4s. Accommodation and 
meals at the College for the full period (commencing with dinner on July 17 
and ending with breakfast on July 20) will be available at {4 4s. per head; 
those not wishing to stay the whole period will be charged accordingly. 

Further information relating to the Conference may be obtained from: 

(a) The Secretary, British Interplanetary Society, 12, Bessborough 
Gardens, London, S.W.1. 

(b) The Warden, College of Aeronautics, Cranfield, nr. Bletchley, Bucks. 

(c) The Secretary, Royal Aeronautical Society, 4, Hamilton Place, 
London, W.1. 


In view of the limited accommodation, members of the Society who wish to 
attend the Symposium are advised to apply to the Secretary without delay. 





Members who wish to volunteer for the Cricket XI should also write to 
the Secretary. 


The Exhibition which concludes the Symposium is open to all without 
charge. As the local bus services (from Bedford only) are very limited, persons 
attending solely for the Exhibition are advised to come by private transport. 
No refreshments will be available for them at the College. 
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B.LS. NEWS 


Editor of the Journal 


In view of the great increase in secretarial business, Mr. L. J. Carter has 
had to relinquish the Editorship of the Journal, which he has held since the 
March, 1947 issue. The Council desires on behalf of the members to record its 
indebtedness to Mr. Carter for his services to the Society throughout this decade, 
which has been a period of great progress and during which the membership of 
the Society has increased tenfold. Mr. Carter remains Secretary of the Society. 

Mr. G. V. E. Thompson has been appointed Editor of the Journal, with 
effect from February 6, 1957. 


Informal Meetings 


The 1956-57 series of London lectures has now ended, but as in previous 
years some informal meetings have been arranged in the Summer months, to 
provide members with an opportunity to meet one another and to discuss the 
latest developments in astronautics. The meetings will be held on June 15, 
July 13, and August 17 at ‘““The Mason’s Arms,’’ Maddox Street, London, W.1 
(near Oxford Circus), from 6.30 p.m. onwards. Light refreshments will be 
available. 

No set programmes have been arranged, but it is hoped that at one or other 
of the meetings some new films will be screened, and that at the August meeting 
it may prove possible to give an account of the highlights of the Joint Symposium 
to be held at the College of Aeronautics (see p. 114 of this Journal), for the 
benefit of those members who are unable to go to Cranfield. 


Election of Members 


The following elections were made at the Council Meeting of February 2, 1957: 


Fellows. 

JakosB ACKERET, Dr.Ing., Eidg. Technische Hochschule, Institut fiir Aerodynamik, 
Sonneggstr. 3, Ziirich 6, Switzerland. 

By6rN MaGnus BErGovist, Rasundavagen 62 111, Solna, Sweden. 

GERALD Eustace D’ARAUJO, B.Sc., 314, Tudor Drive, Kingston-on-Thames, Surrey. 

Dents HAROLD BrRADNEY, 10, Bolingbroke Road, Coventry. 

ALAN ROBERT ANDREW Day, 21, Highmoor Close, Dringhouses, York. 

EDWARD Moore Forsyth, B.Sc., 139, Buccleuch Street, Edinburgh, 8. 

DonaLp Henry How .e, M.Sc., 12, Vernon Court, Vernon Drive, Stanmore, Middlesex. 

DonaLp DoucGtas McVicar, M.A., 176, Whitecross, Wootton Road, Abingdon, Berks. 

Om PRAKASH MeEprRatTTA, B.Sc., M.A., Ph.D., 14, Portnalls Rise, Coulsdon, Surrey. 

ALEXANDER ParK, Grad.B.I.R.E., 34, High Street, Horsell, Woking, Surrey. 

WaLTER Pescuka, Dipl.Ing., Dr.Tech., University of Technology, Wien 4, Karlplatz 13, 
Austria. 

DonaLpD SMart, Icknield Way House, A.E.R.E., Harwell, Didcot, Berks. 

PHILLIP JOSEPH STEVENS, B.Sc., 6020, W. 96th Street, Los Angeles 45, California, 
U.S.A. 

RatpH LovELL EpwIn Toms, 18, Ridgeway Road, Spring Grove, Isleworth, Middlesex. 

Davip Eric TurRNBULL, B.Sc., Ph.D., c/o British Hydromechanics Research Associa- 
tion, Harlow, Essex. 

DENNIS MERVYN WALKER, B.Sc., 436, Unthank Road, Norwich, Norfolk. 
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Senior Members. 
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HERBERT MAURICE CHARLES Bonp, 31, St. Isan Road, Heath, Cardiff. 

WALTER Dosson, 43, St. Barnard Road, Stockton-on-Tees, Co. Durham. 

DENNIS HALL, 47, Calgary Street, Mt. Eden, S.2. Auckland, New Zealand. 

DONALD ROBERT DENNIS STYCHE, 12, Derwent Avenue, East Barnet, Herts. 

LEsLiE SyKEs, ‘‘Melrose,’’ Staynall Lane, Coldrow, Hambleton, Nr. Blackpool. 

BRIAN TURNPENNY, 14, Front Lane, Cranham, Upminster, Essex. 

PERCY NORMAN WEEDALL, 20, Palmerston Drive, Liverpool, 21. 

HARRY ANTHONY GROSVENOR WRIGHT, Flat 6, 53, Hollybank Road, Kings Heath, 
Birmingham, 14 


mbers. 


ROBERT HARVEY BarRNEs, “‘Chartham,’’ Blenheim Gardens, Sanderstead, Surrey. 

WILLIAM THOMAS RoBERT BowLey, 44, Valentine Court, Perry Vale, Forest Hill, 
London, S.E. 23. 

JouN BERNARD BRIERLEY, B.Sc., Thorpe House, Almondbury ,Huddersfield, Yorks 

GRAHAM REGINALD GEORGE CHART, 13, The Plat, Horsham, Sussex. 

KEITH Harry Cook, B.Sc., Devereux, Rambling Way, Potten End, Berkhamsted, 
Herts. 

Royston JAMES Cook, 34, Limesdale Gardens, Edgware, Middlesex. 

ROBERT ALFRED Cooper, 17, Oakholme Avenue, Worksop, Notts. 

Davip NIcHOLAs CouLTER, 51, Kingsway, Petts Wood, Kent. 

DAVID JOHN CRAVEN, 14, High Street, Boston, Lincolnshire. 

GEORGE Cuppon, 119, Hewitt Avenue, Coventry. 

GRAHAM WILLIAM Davis, 97, Portland Avenue, New Malden, Surrey. 

Davip CHARLES Day, RAE/RPD Westcott M.O.S., Caravan Site, Westcott, Nr. 
Aylesbury, Bucks. 

BrucE TREVOR DoDDRELL, Manchester House, High Street, Nailsea, Bristol. 

GEORGE ALEXANDER EL tiott, The Barns, Fenlake, Bedford. 

WILLIAM JOHN FISHER, 128, Bankes Road, Small Heath, Birmingham, 10. 

REGINALD ALFRED GORMER, Bass Farm Cotts, Shobnall, Burton-on-Trent, Staffs. 

ARTHUR GREEN, B.Sc., 39, Hollybush Street, Plaistow, London, E.13. 

WALTER FREDERICK Hart, 156, Hornsey Road, Holloway Road, London, N.7. 

DoNALD SHAw Hay, c/o Clark, 14, Sandringham Road, Brislington, Bristol, 4. 

ROBERT WALLACE JOHN Hicorns, ‘‘Mayfield,’’ Thorney Mill Road, West Drayton, 
Middlesex. 

JoHN Matco_tm Hupson, 48, Mornington Crescent, Fallowfield, Manchester, 14. 

Tuomas Jackson Hupson, Tudor Lodge, 126, Edgware Way, Edgware, Middlesex 

RICHARD FRANCIS JACKSON, 34, Shire Lane, Chorleywood, Herts. 

ANTHONY BRABANT JOLLy, 44, Sunbury Avenue, Jesmond, Newcastle-on-Tyne. 

OwEN ARNOLD JONEs, 66, Glennie Road, West Norwood, London, S.E. 27. 

GABRIEL Kampis, 50a, Godolphin Road, Shepherd’s Bush, London, W.12. 

WILLIAM ALBERT JAMES KriNGscoTT, “Elm View,’ Patchway Common, Patchway, 
Nr. Bristol. 

JEAN Moritz MATHIEU KLERKX, Edmond Jaminestraat, 47, Tongeren, Belgium. 

PETER KNIGHT, 77, Runnymede, Colliers Wood, London, S.W.19. 

JoHN Grason LanG, 3, The Walk, Launceston, Cornwall. 

Joun Lawrence, I, Victoria Terrace, Halton, Nr. Lancaster, Lancs. 

Dennis Yick Low, B.Sc., 74, Park Vale Road, Middlesbrough, Yorks. 

WyYNDHAM GERARD MacreEapy, Sergeants Mess, R.A.F., Sandwich, Kent. 

THomas WILLIAM MALLETT, c/o, 33, Bridgeland Road, Custom-House, London, E.16. 

Etvin WILLAIM THOMAS MARSHALL, 20, Anchor Lane, Hemel Hempstead, Herts. 

GEORGE Eric Megan, 115, Glenfarg Road, Catford, London, S.E.6. 

Max BrIAntT MILLER, 1420, South Ridgeley Drive, Los Angeles 19, California, U.S.A. 

PETER CyrRiL Moopy, 2, Oakdene Close, Brockham, Betchworth, Surrey. 

MARJORIE RONELLA MorGan, 58, Moorfield Road, Great Crosby, Liverpool 23, Lancs. 

ANDRZEJ KontrRyMowiIcz OcINsKI, Dr.Dip., Krakow Nowa Huta Os. C.33. Bl 2/a in 
78, Poland. 

OLENIvus Otson, Jnr., 9510, Hamlin Avenue, Skokie, Illinois, U.S.A. 

ROBERT WILLIAM Patrick, 4, Bowhill Terrace, Edinburgh, 4. 

FRANCIS RONALD PaTTERSON, 140, Westbury Avenue, Southall, Middlesex. 

MARILYN Peacock, 202, Mowbray Road, South Shields, Co. Durham. 

ALFRED THOMAS PERKINS, B.Sc., 26, Stonards Hill, Loughton, Essex. 

DEREK GEORGE PRESTON, 23, South Way, North Harrow, Middlesex. 
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JoHN GEOFFREY Roserts, 45, Branstree Road, Mereside, Marton, Blackpool, Lancs 

Joun REEcE Rotn, 3, Ames Street, M.I.T. East Campus, Cambridge 39, Massachusetts, 
U.S.A. 

ROGER SALVAUDON, 19, rue Sauffroy, Paris 17, France 

DERRICK SAMMONDs, 43, Eaton House, Vicarage Crescent, Battersea, London 5.W.11 

JouN ARTHUR SmMrrFitt, 5, Shoreham Road, Leeds 12 

ARTHUR WILLIAM SMITH, Vailima, Burton Leonard, Nr. Harrogate. 

SANFORD RALPH SMITH, Post Office Box Number 746, Oak Lawn, Illinois, U.S.A 

JoHN CHARLES STARBUCK, 32, Cyprus Street, Darwen, Lancs. 

MALCOLM STEAD, 16, Raglan Road, Sale, Cheshire. 

DONALD WILLIAM GEORGE THORNLEY, 20, West Cromwell Road, London, S.W.5 

WALTER LLEWELLYN WEBSTER, Jnr., B.S., Bureau of Aeronautics, Navy Department, 
Washington 25, D.C., U.S.A 

RICHARD WoR GEORGE WHITTINGTON, 19, Dorset Road, Harrow, Middlesex 

DEREK ANTHONY WIGLEY, ‘‘Balmae,”’ 160, Manor Road, Littleover, Derby. 

Harry WILDE, “Domum,”’ 363, London Road, Ewell, Surrey 

Jack LEonarRD WILson, 29, Church Mount, London, N.2 

FRANCIS CHARLES WyKEs, 76, Culverden Park Road, Tunbridge Wells, Kent 

JouN GEOFFREY YOUNGHUSBAND, 3i, Telford Avenue, Streatham Hill, London, 
S.W.3. 


The following elections were made at the Council Meeting of March 2, 1957: 


Fellows. 

RODERICK WILLIAM CLARKE, B.S., Box 3244 MCLI, Wright Patterson A.F.B., Ohio, 
U.S.A. 

DEREK CHARLES GoopDaAcrRE, B.Sc., East Lodge, Gosfield School, Nr. Halstead, Essex 
JosepH WILLIAM Hamer, B.Sc., 40, Brackenoale, Potters Bar, Middlesex. 
WILLIAM CHARLES HUGHES-Morris, 3, Meadway, Epsom, Surrey. 
TORSTEN Jonsson, M.S., Ph.D., Artillerigatan 12 II, Stockholm O, Sweden. 
Joun EpmunpD Lanp, 61, Searle Road, Wembley, Middlesex. 
PETER REGINALD MoLLoy, B.Sc., 44, Temair, Roan Street, London, S.E.10 
HEINZ MUELLER, Dipl.Ing., 738, South Transit Road, Lockport 21, N.Y., U.S.A 
JoHN CHRISTOPHER Parr, B.Sc., 68, Compton Road, London, N.21. 
JOSEPH JACKSON SHEPPARD, A.B., M.S., 3256, Atlas Street, San Diego 11, Calif., U.S.A 
LEONARD ALFRED Sins, 6, Flaxland, Hatfield, Herts 
Er1c RAYMOND SMITH, 48, Castle Road, Newport, 1.0.W. 
PETER GORDON SOMMERVILLE WHITE, 17, Westminster Road, Hanwell, London, W.7 


Seniov Members. 
FREDERICK CLEMENT PALMER, P.O. Box 36, Roan Antelope Copper Mines Ltd., 
Luanshya, Northern Rhodesia 
RAYMOND NEVILLE FRANCIS PINFOLD, 146, Harrison Road, Leicester. 
RONALD WALKER, Rembrandtlaan 44, Heemstede, Nr. Harlem, Netherlands. 


Members. 

MAVIs JANET ANGEL, 31, Lawrie Park Ave., Sydenham, London, S.E.26 

KENNETH LATHAM AsHuRsT, B.A., 8, The Parade, Chester le Street, Co. Durham 

HARRY LEONARD BAKER, 7, Maple Ave., Gillingham, Kent. 

OLIVER Patrick Bowen, Brookside, Brookway Road, Charlton Kings, Cheltenham, 
Glos. 

ETHEL Louisa CoLtinson, 10, Carr Crofts, Armley, Leeds 12, Yorks. 

JAMES FREDERICK CoNE, Eastwood, School Lane, Mistley, Manningtree, Essex 

MARGARET DEwuurRst, Maurice Hotel, Lancaster Gate, London, W.2. 

GEORG WILLIAM DrueEry, 83, High Street, Hook, Goole, Yorks. 

James PLayForpD Duncan, M.Eng., 94, Psalter Lane, Sheffield 11, Yorks. 

JosEPH CHARLES FISHER, 195, Stanstead Road, Forest Hill, London, S.E.23. 

CHARLES LovaT Fraser, Tech. Inf. and Records Dept., Bristol Aero-Engines Ltd., 
Filton, Bristol. 

CHARLES F. Haaar, B.A., 3212, Rowena Avenue, Los Angeles 27, Calif., U.S.A. 

JamMEs RayMonp Harris, 9, Husseywell Crescent, Hayes, Bromley, Kent. 

Davip TREVOR HopGson, 5, Woodfield Close, Bilton, Harrogate, Yorks. 

JoHN VAUGHAN Bruce JERVIs-READ, 63, Barkston Gardens, London, S.W.5. 
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Otto KNosPEL, 44, Mapleleafe Gardens, Barkingside, Ilford, Essex. 
PauL LonGrRIGG, 13, Sutton Avenue, Coventry, Warwicks. 
DONALD ALBERT Low, 35, Villa Street, Walworth, London, S.E.1 
PETER HuFFORD Lowry, 820, Van Ness Drive, Glendale, Ohio, U.S.A 

FRANK CLIFFORD MARCHANT, Rosebank, Colyford, Colyton, Devon. 

JoHN Royce McDona.p, 125s, Roberts Hall, Austin, Texas, U.S.A. 

ALWyNn COLIN JOHN PARKER, 26, Queens Road, Harrogate, Yorks 

WILLIAM ALBERT REuPKE, 3624, North Oakley Avenue, Chicago 18, Illinois, U.S.A 
JoHN PaTTIsON REvILL, 101, Washington Gr., Doncaster, Yorks 

GEOFFREY FRANCIS ROWLANDsS, 77, Shirley Road, Roath Park, Cardiff, Wales 
MicHAEL PETER SINGLETON, The Retreat, Hawkhurst, Kent 

JAMES MICHAEL SLEVIN, 44, Albany Road, Earlsdon, Coventry, Warwicks. 
DouGLas RAYMOND STEVENSON, 65, Walton Road, Swansea, S. Wales 

JouHN SuTcLiFFE, 18, Higher Camebridge, C.-on-M., Manchester 15, Lancs 
REGINALD GEORGE TAyYLor, 440, Bury New Road, Nr. Broughton, Salford, 7 
Hans Beat WACKERNAGEL, Lange Gasse 21, Basle, Switzerland 


PERSONAL NOTES 


Mr. L. J. CARTER (SECRETARY) has been elected an Honorary Fellow of the 
South African Interplanetary Society in recognition of his work. Mr. Carter 
acted as the delegate of the S.A.I.S. at the Seventh International Astronautical 
Congress. 


Mr. A. V. CLEAVER (FELLOW) has joined the Aero Engine Division of Rolls- 
Royce, Ltd., as an Assistant Chief Engineer, to supervise the engineering of the 
Company’s rocket motor projects. Edu- 
cated at Acton Technical College, Mr. 
Cleaver joined the de Havilland Aircraft 
Co., Ltd., in 1936 and was engaged on 
propeller aerodynamics, design and devel- 
opment, and finally as Chief Project 
Engineer. He transferred to the de Havil- 
land Engine Co. in 1946, and as Chief 
Engineer of the Rocket Division was in 
charge of rocket motor design and devel- 
opment. 

Mr. Cleaver was Chairman of Council 
1947-1950, has served on the Council of the 
Royal Aeronautical Society, and was 
awarded the Herman Oberth medal in 1953 
for his services toastronautics and rocketry. 





Dr. O. P. MEDIRATTA (FELLOW) has 
recently been appointed Head of the Mr. A. V. CLEAVER 
Guidance and Control Department of the 
Guided Weapons Division, Short Brothers and Harland, Ltd., Belfast. He is 
interested in forming a Belfast Branch. 


Death 
The Editor regrets to announce the death of JoHN E. PEMBERTON. 
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ABSTRACTS 
Edited by J. HUMPHRIES 


A list of abbreviations of titles of journals was included with the 1954 index 
and addenda have been published in subsequent issues of the Journal. A further 
addendum is given below. 


A.F. Off. Sct. Res. Air Force Office of Scientific Research. 

Amer. Soc. Test. Mater. Bull. American Society for Testing Materials 
Bulletin. 

Brown Boveri Rev. Brown Boveri Review. 

Calif. Inst. Tech., Jet Prop. Cent. California Institute of Technology, Jet 
Propulsion Center. 

Ingria. Aeronaut. Inghineria Aeronautica. 

J. Canad. Aero. Inst. Journal of the Canadian Aeronautical 
Institute. 

Métaux Corros. Industr. Métaux, Corrosion-Industries. 

Off. Nat. Etudes Rech. Aéronaut. Office Nationale d’Etudes et de Recherches 
Aéronautiques. 


Princeton Univ., Dept. Aero. Engng. Princeton University, Department of 
Aeronautical Engineering. 

Purdue Univ., School Aero. Engng. Purdue University, School of Aero- 
nautical Engineering. 


RAE/RPD Royal Aircraft Establishment, Rocket 
Propulsion Department. 
Stud. Cerc. Fiz., Rom. Studii si Cercetari de Fizica (Romania). 
Univ. Minn. Inst. Tech., Dept. Aero. University of Minnesota, Institute of 
Engng. Technology, Department of Aero- 


nautical Engineering. 


AERODYNAMICS 

(See also abstract no. 109.) 

(28) Flight measurements of aerodynamic heating and boundary layer transi- 
tion on the Viking 10 nose-cone. R. B. Snodgrass. /et Propulsion, 25, 701-6 (Dec., 
1955). Supersonic convective heat-transfer coefficients were measured over a Mach number 
range of 1-20-5-28, and a Reynolds number range 5-6 x 10* to 10-45 x 10°. Boundary- 
layer transition was detected and correlated with the Van Driest theory. (14 refs.) 

(29) Aerothermodynamics of descending orbital vehicles. K. A. Ehricke. 
Astronautica Acta, 2, 1-19 (1956). The theory of laminar and turbulent friction and heat 
transfer in the compressible boundary layer with and without dissociation is discussed with 
respect to the descent of orbital vehicles through the atmosphere. (20 refs.) 


AIRCRAFT 

(See also abstract no. 144.) 

(30) The rocket-boost Skeeter. C. Faulkner. Flight, 71, 83-4 (Jan. 18, 1956). 
Description of the rocket system used to accelerate the rotor. 

(31) Am extension of the theory of the optimum burning program for the 
level flight of a rocket-powered aircraft. A. Miele. Purdue Univ. School Aero. Engng. 
Rept. No. A 56-1 (A.F. Off. Sci. Res. Tech. Note No. 56-302). 61 pp. (June, 1956). Investi- 
gation of a burning programme which minimizes an arbitrary function of the final values 
of time, mass, distance and velocity. 
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ASTRONAUTICS 


(See also abstracts nos. 29 and 85.) 


(32) Optimum launching of a rocket into an orbit about the Earth. D. F 
Lawden. Astronautica Acta, 1, 185-90 (1955). Obtains equations governing the trajectory 
along which a rocket may be guided into a circular orbit about the Earth from a launching 
point on its surface with a minimum expenditure of fuel. The numerical integration of these 
equations is discussed. 

(33) Ionic and nuclear problems of rocket propulsion. [F. J. Murray. J/mnst. 
Radio Engrs. Conv. Rec., Pt. 10, 35-6 (1955). Investigation of problems of manned satellite 
and proposal of propulsion by ionized gas. 

(34) A suggested organization of space flight sciences. D.C. Romick. Astro- 
nautica Acta, 1, 199-208 (1955). The different fields which make up astronautical science 
are analysed and discussed. The most significant new field of investigation is that of 
astrodynamics. 

(35) Studies of a minimum orbital unmanned satellite of the Earth (MOUSE), 
Part I. S. F. Singer. Astronautica Acta, 1, 171-84 (1955). A detailed account of the 
experiments made possible by a satellite vehicle. The problems of launching, control, and 
instrumentation are within the range of present techniques. (11 refs.) 

(36) Possibilities of electrical spaceship propulsion. E. Stuhlinger. /mnst. Radio 
Engrs. Conv. Rec., Pt. 10, 37-43 (1955). A method of ionic propulsion using the Sun’s 
radiant energy. 

(37) Can nuclear energy drive interplanetary rockets ? (©. Mannal. G.-E. Rev., 
58, 48-9, 51-2 (May, 1955). 

(38) Prelude to manned space flight. E. Bergaust. Pegasus, 1-6 (Nov., 1955). 
Survey of problems with graphical analysis of speed and altitude research trends for different 
types of aircraft and missiles. 

(39) International co-operation in rocketry and astronautics. A. G. Haley. 
Jet Propulsion, 25, 627-32 (Nov., 1955). Description of the early individual work, the 
pre-war societies and the I.A.F. with comments on governmental agencies and UNO. 

(40) Twenty-five years of progress towards space flight. M. W. Rosen. /ef/ 
Propulsion, 25, 623-6 (Nov., 1955). Brief review of rocket development and literature 
studies of artificial satellites. (12 refs.) 

(41) Impressions of the Sixth Astronautics Congress. F. C. Durant. /e/ 
Propulsion, 25, 738-9 (Dec., 1955). Review of the non-technical part of the Congress. 

(42) IGY has big plans for “LPR”. J. H. Kaplan. jet Propulsion, 25, 724-7, 
729-30, 732 (Dec., 1955). Text of an address to the ARS outlining the proposed rocket 
and satellite (nicknamed ‘‘Long-playing Rocket’’) programme of the U.S.A. 

(43) Scientific uses of an artificial Earth satellite. H.E. Newell. Jet Propulsion 
25, 712-3 (Dec., 1955). Short listing of possible uses. 

(44) The uses of artificial satellite vehicles. Part I. H. E. Canney and F. I. 
Ordway. Astronautica Acta, 2, 147-74 (1956). The use of satellites can be shown to benefit 
nearly every branch of scientific enquiry, in particular astronomy and astrophysics, and 
biological and medical science. (67 refs.) 

(45) The satelloid. K. A. Ehricke. Astronautica Acta, 2, 63-100 (1956). Presents 
a theoretical analysis of a powered orbiting vehicle. The operational altitude of this 
vehicle lies above that of an aerodynamic rocket glider and below that of a satellite, i.e., 
between 110 and 140 km. The investigation of the properties of this region on Earth, and 
corresponding levels on other planets, and the training of space-flight crews are suggested 
applications of satelloids. (25 refs.) 

(46) Ascent of orbital vehicles. K. A. Ehricke. Astronautica Acta, 2, 175-90 
(1956). Ascent into a satellite orbit along a minimum energy ellipse is compared with 
ascent along an arc of an elliptic trajectory where the satellite stage is transferred into the 
orbit at or near the summit. The basic energy requirements, thrust programme, size of 
stages, visibility during ascent, and flight time are discussed. 

(47) Problems of propellents for space flight. J.Geertsma. Chemisch Weekbdiad, 
52, 501-6 (1956) (In Dutch). Review of requirements for satellites and escape vehicles 
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(48) A calculus of variations solution of Goddard’s problem. G. Leitmann. 
Astronautica Acta, 2, 55-62 (1956). A solution of the problem of deriving the optimum 
thrust programme for a rocket required to carry a payload to a given altitude and velocity 
with minimum fuel expenditure. (4 refs.) 

(49) The U.S. satellite vehicle programme. F. I. Ordway. Astronautica Acta, 2, 
115-8 (1956). <A short collection of data on the Vanguard rocket and the experiments 
planned for the I.G.Y. 

(50) On the bridging of interstellar space. W. Peschka. <Astronautica Acta, 2, 
191-200 (1956) (1m German). Shows that photon rockets travelling close to the speed of light 
may eventually make possible return journeys to points 25 light yearsaway. Time dilatation 
effects will become appreciable, and enormous mass ratios will be required. (2 refs.) 

(51) An electric rocket, driven by nuclear energy, considered as a means of 
communication between circular orbits. J. Schechtman. Stud. Cerc. Fiz., Rom., 7, 
117—44 (1956). Study of the astronautical feasibility of an ion rocket in which a nuclear 
reactor furnishes the electrical energy necessary to accelerate a cloud of very dispersed 
ions. 

(52) Studies of a minimum orbital unmanned satellite of the Earth (MOUSE) 
Part II, Orbits and lifetimes of minimum satellites. S. F. Singer. <Astronautica Acta, 
2, 125-44 (1956). The paper firstly gives the perigee and apogee altitudes of the satellite 
orbit as a function of launching altitudes, and of errors in launching velocity and angle. 
Secondly, the behaviour of the satellite under the influence of the drag of the upper atmo- 
sphere is considered, for both circular and elliptical orbits, and lifetimes are estimated 
(3 refs.) 

(53) Chemical and mathematical fundamentals of space rockets. A. Stett- 
bacher. Explosivstoffe, 4, 45-50, 95-101 (1956) (Im German). Examples of calculations for 
satellites are given. 

(54) Control and power supply problems of instrumented satellites. E. 
Stuhlinger. Jnst. Radio Engrs. Trans. (5), 19-26 (1956). A description of the instruments 
and a proposed stabilized platform. Methods of providing the 160 W. of electrical power 
required, are analysed. 

(55) The visibility of an Earth satellite. RK. Tousey. <Astronautica Acta, 2, 101-12 
(1956). The conditions for naked-eye and telescopic visual observation of a white 21-in. 
diameter satellite are calculated using known values of sky brightness, solar illumination, 
and visual thresholds of the eye. To detect it with high probability 7 x 50 binoculars 
should be used at all times and observations not attempted unless the sun is more than 
5 degrees below the horizon. (8 refs.) 

(56) Relativistic time-dilatation in an artificial satellite. |. Winterberg. 
Astronautica Acta, 2, 25-9 (1956) (In German). Applies the general theory of relativity to 
the problem of time-measurement in a satellite. Concludes that there should be a measur- 
able apparent slowing of satellite-borne clocks, of the order of several thousandths of a 
second annually. 

(57) Plastic moon to circle Earth 16 times a day. H.O. Johansen. Pop. Sci. Mon., 
168 (1), 124-9, 268, 270 (/Jan., 1956). Preliminary suggestions as to the layout and uses 
of the Vanguard satellite. 

(58) The scientific value of an Earth satellite programme. |. A. van Allen 
Proc. Inst. Radio Engrs., 44, 764-7 (June, 1956). Review of the knowledge to be gained 
from the Vanguard programme. 

(59) The exploration of outer space with an Earth satellite. |. P. Hagen. Pro« 
Inst. Radio Engrs., 44, 744-7 (June, 1956). A review of the items of research that are to 
be covered by the first satellites. 

(60) Telemetering and propagation problems of placing the Earth satellite in 
its orbit. D.G. Mazur. Proc. Inst. Radio Engrs., 44, 752-4 (June, 1956). Examination of 
the types of transmitter, receiver and antennae required. 

(61) Tracking the Earth satellite and data transmission by radio. J]. T. Mengel. 
Proc. Inst. Radio Engrs., 44, 755-60 (June, 1956). Description of “‘Minitrack,’’ which is to 
be used to track and send data from Vanguard. 

(62) Placing the satellite in its orbit. M. W. Rosen. Proc. Inst. Radio Engrs., 44, 
748-51 (June, 1956). Description of Vanguard launching vehicle. 

(63) A research program based on the optical tracking of artificial Earth 
satellites. F.L. Whipple and J. A. Hynek. Proc. Inst. Radio Engrs., 44, 760—4 (June 
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1956). Examination of the problems posed in the optical tracking of small satellites and 


a description of the equipment to be used 


(64) The astronomical uses of small artificial satellites. M.W.Ovenden. Sci 
Progr., 44, 472-9 (July, 1956). Application to geodetics, observation of cosmic rays, solar 


radiation and distribution of micro-meteorites. (13 refs.) 
(65) U.S. Earth satellite programme for the International Geophysical Year. 
Engr., 202, 247-9 (Aug. 17, 1956) Full details of launching vehicle and experiments to be 


carried out. 


(66) Satellites. J. Jensen. Navigation, 121-7 (Sept., 1956). Discussion of the engi- 
neering aspects of the Vanguard project, the possibility of observing the satellite in its 
orbit, and predictions about the future of space-flight. 


(67) International Astronautical Congress. Engr., 202, 481 (Oct. 5, 1956). Review 
of some of the papers presented at the Seventh International Astronautical Congress held 
in Rome 


(68) International Astronautical Congress in Rome. Flight, 70, 605, 608 (Oct. 12 
1956). Review of some of the technical papers. 


(69) Seventh International Astronautical Congress. J. Humphries. <Aircra/t 
Engng., 28, 397-8 (Nov., 1956). Abstracts of some of the technical papers. 


(70) Engineering the Earth satellite. RK. L. Stedfeld. Machine Design, 28 (22) 
82-6 (Nov. 1, 1956). Further details of the Vanguard vehicle and the satellite itself. 


(71) Man and law in space. J. C. Hogan. Case and Comment, 12, 14, 16, 18, 20 
(Nov.-Dec., 1956). Possible problems with satellites and other space vehicles. (5 refs.) 


(72) Three autopilots will guide Vanguard. P. J. Klass. Aviation Wk., 65 (26), 
54-5 (Dec. 24, 1956). Eight separate control systems will be used to provide pitch, yaw 
and roll stabilization. Three will be used during the first powered stage, three during the 
second powered stage and two during the coasting stage. Pitch and yaw will be controlled 
to } degree by gimballing the thrust chambers and roll to 3 degrees by ejecting gas through 


two small jets on the vehicle periphery. Both vacuum tube and magnetic servo amplifiers 
are being developed 

(73) Some ideas in astronautics. |. Humphries and G. V. E. Thompson. Aero- 
nautics, 35 (5), 41-3 (Jan., 1957). Review of some of the papers presented at the Seventh 
Internationa! Astronautical Congress held in Rome. 

(74) Experimental verification of the “clock-paradox” of relativity. F. S 
Crawford, Nature, 179, 35-6 (Jan. 5, 1957). The use of y~-meson decay to prove the 
phenomenon of asymmetrical ageing at speeds approaching that of light. (10 refs.) 

(75) Report shows Soviet interest in space. Aviation Wk., 66 (4), 60-3, 65 
(Jan. 28, 1957). A recently issued Rand Corporation research memorandum “Casebook 
on Soviet Astronautics,’’ reviews available literature and contains complete translations of 
18 papers. 

(76) Ion, photon power space travel hope. Aviation Wk., 66 (9), 103-4, 108, 111, 
113 (March 4, 1957). Review of a number of technical papers delivered at the joint Air 
Force Office of Scientific Research and Convair astronautics symposium. Papers include 
Stuhlinger on photon and ion propulsion, Lee on general propulsion methods, including both 
ion rockets and conventional chemical rockets, Giannini on the plasma jet, Eggers on the 
design of a sphere for Earth-return purposes for a pilot, various authors on the aerodynamics 
of Earth-return vehicles, Schaefer on the dangers from cosmic radiation, Campbell on 
general physiological problems of space-flight, Whipple on the danger from meteors and 
Lieske on the take-off accuracies required to accomplish various Earth-Moon missions 
Other papers are also briefly noted 


ASTRONOMY 


(77) The lunar surface. T. Gold. Mon. Not. Roy. Astr. Soc., 115, 585-604. It is 
considered that the lunar craters are due to impact, and that the lunar surface is covered 
with a thick layer of dust. 

(78) “Empty” space. H.C. van de Hulst. Sci. Amer., 193 (5), 72-8, 80 (Nov., 1955). 
A review of our knowledge of interstellar space, which contains about one atom per cubic 
centimetre. 
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(79) Physical conditions on Mars. A. I. Lebedinskii. Dokl. Akad. Nauk, S.S.S.R., 
108, 795-8 (1956) (In Russian). A discussion of the atmospheric conditions on Mars in 
terms of the infra-red carbon dioxide absorption spectra. 

(80) The surface conditions on Venus. E. J. Opik. Jrish Astr. ]., 4, 37-48 (June, 
1956). Arguments against the marine hypothesis of Whipple and Menzel. 

(81) Concluding results from the Arizona Expedition for the study of meteors. 
E. J. Opik. Irish Astr. ]., 4, 49-59 (June, 1956). The report of the expedition concerning 
meteor directions. 

(82) The atmosphere of Venus, 1956 Spring. J. H. Robinson. /. Brit. Astr. Ass., 
66, 261-4 (July, 1956). A study of the planet using various filters, and conclusions as to 
conditions in the atmosphere of Venus. 

(83) A new theory of the surface of Mars. D. B. McLaughlin. /. Roy. Astr. Soc. 
Canad., 50, 193-200 (Sept.-Oct., 1956). Deals with the theory that the dark areas are due 
to volcanic ash. 

(84) The Baker-Nunn satellite-tracking camera. K. G. Henize. Sky and Tele- 
scope, 108-11 (Jan., 1957). Description of an optical system to track and continually 
photograph an Earth satellite. 


ATMOSPHERE 
(85) An adjustable standard atmosphere, with application to gravity- propelled 
bodies. R.H. Upson. Univ. Minn. Inst. Tech. Dept. Aero. Engng., RAL EM 43, 51 pp 
(May, 1955). High-altitude and rarefied atmospheric research into aerodynamic drag, 
change of altitude and return to Earth of a space rocket or satellite. (21 refs.) 
(86) A rocket view of cumulus. A. E. Slater. Sailplane and Gliding, 8, 87-9 (April, 
1957). Analysis of photographs taken from Viking rocket. 


CHEMISTRY 

(87) Stability of hydrazine in liquid ammonia. J. A. Krynitsky and H. W. Carhart. 
U.S. Naval Res. Lab. Rept. No. 4219, 16 pp. (Sept. 29, 1953). 

(88) Materials for handling fuming nitric acid and properties of fuming nitric 
acid with reference to its thermal stability. M.G. Fontana. U.S. Air Force Tech. Rept. 
No. 6519, Part 4, 130 pp. (March, 1954). 

(89) Inhibiting effect of hydrofluoric acid in fuming nitric acid on corrosion 
of austenitic chromium nickel steels. C. E. Levoe and D. M. Mason. Calif. Inst. Tech., 
Jet Prop. Lab. Prog. Rept. No. 20-253, 18 pp. (Jan., 1955). 

(90) Inhibiting effect of hydrofluoric acid in fuming nitric acid on liquid and gas 
phase corrosion of several metals. D. M. Mason and L. L. Taylor. Calif. Inst. Tech., 
Jet Prop. Lab. Prog. Rept. No. 20-225, 23 pp. (Jan., 1955). 

(91) Low-temperature storage of free radicals. Nat. Bur. Stand. Tech. News Bull., 
40, 112—4 (Aug., 1956). Solids containing atomic nitrogen and oxygen and possibly atomic 
hydrogen and OH have been produced. These have been stored at temperatures close to 
absolute zero and their properties studied spectrographically. (3 refs.) 

(92) Free radical research spurred by new three-year programme. E. Clarke. 
Aviation Wk., 65 (25), 31 (Dec. 17, 1956). The National Bureau of Standards has initiated 
a wide programme to investigate the problems of formation, properties and storage of free 
radicals. Their use as rocket propellents could lead to a large improvement in performance. 


MATERIALS 

(See also abstracts nos. 88-90.) 

(93) An appraisal of the usefulness of aluminium alloys for supersonic aircraft 
and guided missile construction. C. M. Craighead, L. W. Eastwood and C. H. Lorig. 
U.S. Air Force Project Rand Rept. No. R-104, 231 pp. (Aug. 8, 1948). Survey of information 
in the published literature, unpublished reports of Aluminium Co. of America and Dow 
Chemical Co. and documents issued by various U.S. Govt. agencies. Effects of low and 
elevated temperatures on the properties of the alloys, corrosion resistance to rocket 
propellants. 

(94) On the application of materials in rocket motors. J. Venturini. Métaux 
Corros. Industr., 31, 311-36 (1956) (Jn French). Review of the conditions to be withstood 
and the properties of materials at present in use. (44 refs.) 
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MEDICINE 


(95) Personal experiences during short periods of weightlessness reported by 
sixteen subjects. S. |. Gerathewohl. Astronautica Acta, 2, 203-17 (1956). Weightless 
ness was achieved for up to 30 sec. at a time in parabolic flight with conventional aircraft 
the paper collects the impressions of the subjects, who experienced sensations ranging from 
great comfort to a few cases of nausea and sickness. (24 refs.) 


(96) Some considerations in regard to the physiology of space flight. F.A 
Hitchcock. Astronautica Acta, 2, 20-4 (1956). The effects of decreasing ambient pressure 
on living animals are described and related to the requirements for cabins for space-flight 
The effects of thermal stresses, acceleration and cosmic radiation are also discussed. 


MISCELLANEOUS 


(97) Analog computer facility at the Jet Propulsion Laboratory. R. A. Bruns 
J. J. Wedel and H. A. Brenneis. Calif. Inst. Tech., Jet. Prop. Lab. Rept. No. 20-89, 18 pp. 
(June, 1955). 

(98) Konstantin Eduardevitch Tsiolkovskii. A. Kosmodem’yanskii. Nauka 1 
Zhizn, 22 (9), 53-5 (Sept., 1955) (In Russian). A short biography 


(99) The first quarter century of the American Rocket Society. G. E. Pendray 
Jet Propulsion, 25, 586-93 (Nov., 1955). Deals with Goddard's work before the formation 
of the Society on April 14, 1930. Twelve persons founded the Society which grew steadily 
during the pre-war period. During this time some experimental work was done and is 
described in detail. The war-time and post-war development are also briefly discussed 


(100) Photography from the Viking 11 rockets. L. Winkler. Jet Propulsion, 25, 
689-95 (Dec., 1955). On May 24, 1954, Viking 11 was launched. An aircraft camera was 
included in the equipment, which took 39 pictures at altitudes from 65 miles on the ascent, 
through the peak of 158-4 miles, to 33-3 miles on the descending portion of the trajectory. 
The ten photos. which are presented show the area near White Sands and interesting 
features of the Earth’s surface, cloud formations, and the atmospheric layer at the horizon. 


(2 refs.) 


PHYSICS 

(See also abstract no. 74.) 

(101) The application of radiation measurement techniques to the deter- 
mination of gas temperatures in liquid propellent flames. C. M. Auble and M. F. 
Heidmann. Jet Propulsion, 25, 449-53, 467 (September, 1955). Describes the application 
of a two-colour radiation method to the measurement of flame temperatures. Differences 
between observed and theoretical temperatures are explained. Fluctuations at frequencies 
up to 3,000 c.p.s. were measured. (11 refs.) 

(102) General enthalpy-temperature-entropy diagram for ideal gases and gas 
mixtures up to 5,000 °K. W. Noeggerath. /et Propulsion, 25, 454-62, 470 (Sept., 1955). 
Introduces a chart for thermodynamic calculations which is applicable to a wide range of 
working fluids and temperatures. (9 refs.) 

(103) Thermodynamic properties of gas at high temperatures and pressures. 
H. S Tsien. Jet Propulsion, 25, 471-2, 478 (Sept., 1955). Proposes a convenient approxi- 
mation to the equation of states for dense gases at high temperatures. (7 re/s.) 

(104) Steady-state burning of a liquid droplet. I. Monopropellent fiame. 
J. Lorell and H. Wise. J. Chem. Phys., 23, 1928-32 (Oct., 1955). The flame equations 
corresponding to the steady-state combustion of a liquid droplet are presented and adapted 
to the theory of a monopropellent system with chemical reaction diffused throughout the 
gas phase. The theoretical analysis is applied to the case of a liquid hydrazine mono- 
propellent flame. (10 re/s.) 

(105) A photographic detection of a cosmic ray primary particle near the 
Earth’s surface. W. Strubell. <Astronautica Acta, 2, 201-2 (1956) (In German). A very 
rare star figure is shown which was discovered near the ground. 


(106) Some new data on high-speed impact phenomena. J. H. Huth, J. S. 
Thompson and M. E. van Valkenburg. /J. Appl. Mechs., 24, 65-8 (March, 1957). It is 
shown that penetration into thick targets by projectiles of the same material, for certain 
common metals, can be expressed approximately by p/d = 2-5 (v/c)** in a range of about 
0-1 < v/e < 1-0, where / represents penetration (crater depth) measured from the initial 
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target surface, d a characteristic dimension of the projectile and v the impact velocity; 
c is the “‘sonic’’ velocity in the projectile and target material given by c VE/p, where E 
is Young's modulus and p the density. Experimental results are given for steel, aluminium, 
brass, lead, magnesium and a magnesium-lithium alloy. (6 refs.) 

(107) Plasma jet controlled in test tunnel. Aviation Wk., 66 (10), 31 (March ILI, 
1957). The General Electric Co. has produced a plasma jet utilizing a water-stabilized 
electric arc. This jet has a speed of 4,000 ft./sec. and will produce a heat transfer rate of 
2,000 B.Th.U./sec. ft.* on a specimen placed in it. Such a jet could be used for propulsion 
purposes. 


PROJECTILES 

(See also abstracts nos. 28, 100 and 146.) 

(108) Guided missile design criteria. W.L. McNabb. J itro Corp. of America 
Bimonthly Rept. No. 4, 19 pp. (Dec. 1, 1953—Jan. 29, 1954). 

(109) Solution of the simultaneous differential equations of motion of a winged 
vehicle in a supersonic glide. H. J. Kaeppeler. Astronautica Acta, 1, 166-70 (1955) (In 
German). Gives an analytical relation for velocity variation with time and altitude, on the 
basis of arbitrary atmospheric data and constant lift-to-drag ratio and inclination of the 
trajectory tangent. Variation of gravity with altitude is considered. (2 refs.) 

(110) On the calculation of the powered flight of a long range rocket supervized 
by an automatic pilot. |. M. Kooy. Astronautica Acta, 1, 191-8 (1955). Indicates a 
scheme for computing the powered flight of a long-range rocket launched vertically from a 
point on the rotating Earth, the rocket axis remaining parallel to an original orbit plane. 


(111) The Viking 10 firings. M. W. Rosen and J. M. Bridger. U.S. Naval Res. Lab. 
Rept. No. 4513 (Rocket Res. Rept. XIX), 35 pp. (May, 1955). 

(112) Rocket-powered test vehicles. D. L. Arenson, J]. H. McClow and H. W. 
Wiant. Jet Propulsion, 25, 441-5, 466-7 (Sept., 1955). Describes a series of rocket-powered 
test vehicles developed for use on a ground track and in free flight, and used in the study 
of such problems as ejector seats and recovery parachutes at supersonic speeds. (3 refs.) 

(113) Generation of high gas pressure through hydraulics. J. Kendall. /e/ 
Propulsion, 25, 446-8, 467 (Sept., 1955). Equipment has been produced which can supply 
gases at pressures up to 6,000 p.s.i. Accumulator chambers with high-pressure transfer 
barriers are used as pumping elements, the pumped gas is not contaminated. 

(114) History, problems, and status of guided missiles. G. P. Sutton. /ef 
Propulsion, 25, 615-22 (Nov., 1955). Discusses the problems of guided missiles under the 
various headings, payload, structures, propulsion, guidance, etc., and gives a résumé of 
present-day U.S. and foreign missile development status. (18 refs.) 

(115) Stationary trajectories for a high-altitude rocket with drop-away booster. 
G. Leitmann. Astronautica Acta, 2, 119-24 (1956). Deduces a solution to the problem of 
optimum thrust programming for a rocket required to reach a given altitude with a given 
payload and minimum fuel expenditure. The effects of rocket dead-weight and an initial 
boost stage are considered. 

(116) Inertial navigation. |. M. Slater and D. B. Duncant. Aero. Engng. Rev., 
15 (1), 49-52, 57 (Jan., 1956). Simple discussion of the basis and essentials. 

(117) Rockets and jet-propelled guided missiles. |. Venturini. Avenirs (74) 
(Jan., 1956) (In French). Review of existing vehicles, the various uses of missiles and the 
development and research work in progress. 

(118) Redstone assembly welds four sections. Aviation Wk., 66 (1), 56-7 (Jan. 7, 
1956). Photos. of the assembly of the Redstone missile. 

(119) Growing a reliable missile. R.R. Carhart. Aero. Engng. Rev., 15 (2), 28-33 
(Feb., 1956). Suggestion for more subsystem testing and evaluation, along with component 
improvement, as a means of achieving overall system reliability. (2 refs.) 

(120) Soviet special engines. D. Laurent. Docaéro, 3-12 (July, 1956) (In French). 
Data on various missiles and test centres. 

(121) Missiles at the show. Flight, 70, 489-90 (Sept. 14, 1956). Description of 
missiles and components at the S.B.A.C. show. 

(122) English special engines. J. Klopp. Docaéro, 3-8 (Nov., 1956) (In French). 
Survey of missile production in Great Britain since 1945. 
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(123) Aberporth in action. Flight, 70, 735 (Nov. 2, 1956). Report of a visit to the 
British missile range and an account of some of the missiles fired during the demonstration. 


(124) Britain holds first Aberporth test show. Aviation Wk., 65 (21), 50-1 
(Nov. 19, 1956). Description of Aberporth rocket test range and some vehicles fired there 
during an “‘open”’ day. 

(125) Testing in the guided missile industry. R. H. Sparling. Amer. Soc. Test 
Mater. Bull. (218), 52-6 (Dec., 1956). Discussion of the importance of testing during 
manufacture, types of tests used and areas where standardization is needed. 


(126) New rocket research vehicles detailed. Aviation Wk., 65 (23), 26—7 (Dec. 3, 
1956). Details of Nike-Cajun (total cost only $7,500 each), recent Aerobee variants including 
Spaerobee, which is designed for a 400-mile altitude, Asp and Rockaire. 

(127) Missile design. P. J. Farmer. Flight, 70, 885-9 (Dec. 7, 1956). Deals largely 
with general problems of aerodynamics, propulsion and structures. 


(128) Missiles that think. W.T. Gunston. Flight, 70, 876-83 (Dec. 7, 1956). An 
introduction to guided missiles dealing in the main with guidance, propulsion and accessories 


(129) Reflections of a weaponeer. B.A.Hunn. Flight, 70, 884 (Dec. 7, 1956). Some 
thoughts on missile development and production. 


(130) Missile testing. Flight, 70, 890-2 (Dec. 7, 1956). A review of component and 
complete missile tests. 

(131) Guided missiles, 1956. Flight, 70, 893-910 (Dec. 7, 1956). A very complete 
tabulation of missiles, existing and future, divided as to country of origin and type. Illus- 
trated with photos. and line diagrams. 

(132) Modular design offers missile reliability. Aviation Wk., 65 (26), 58-9 
(Dec. 24, 1956). Suggested scheme for manufacturing a pressurized liquid-propellent rocket 
engine in six parts which can be welded up to form the complete unit. 


(133) Maximum range of a projectile in vacuum on a spherical Earth. L. Blitzer 
and A. D. Wheelon. Am. /. Phys., 25, 21—4 (Jan., 1957). Expressions are derived for the 
maximum range of a projectile in vacuum on a spherical Earth in terms of the ratio of 
kinetic to potential energy at launch. These results are combined with those for the corre- 
sponding launch angle and presented graphically. Limiting conditions are discussed, and 
the effect of the Earth’s rotation is indicated. (2 refs.) 


(134) First concept of the guided rocket. G. Manton. Aeronautics, 35 (5), 75 
(Jan., 1957). Description of 1918 patent of Prof. A. M. Low for a radio-controlled rocket. 


(135) The guided missile as a systems engineering problem. Pt. I. S. Ramo. 
]. Canad. Aero. Inst., 3 (Jan., 1957). 

(136) Hypersonic test vehicle moves towards 6,800 m.p.h. design goal. I. Stone. 
Aviation Wk., 66 (1), 48-9, 51 (Jan. 7, 1957). A two-stage vehicle using solid-propellent 
rockets. Uses seven rockets in first stage and four in second. Rocket motors are bonded 
together with high strength epoxy resins and cost is $10,000—$15,000 each. Details are 
given of uses and methods of data recovery. 

(137) Dynamic considerations relating to the behavior of inertial space- 
stabilized platforms. E. Gorczycki. /. Aero. Sci., 24, 130-8 (Feb., 1957). Discusses 
dynamics of platform in the presence of an arbitrary housing disturbance due to air-frame 
motion at an isolated point in inertial space. (1 ref.) 

(138) Guided missiles for the U.S.A. Aeroplane, 92, 234-6 (Feb. 15, 1957). Review 
of research at present being carried out. 

(139) Shopping for missiles. Aeroplane, 92, 236-7 (Feb. 15, 1957). Table of 
current U.S. missiles. 

(140) Defence against the ballistic missile. A. R. Weyl. Flight, 71, 215-6 (Feb. 15, 
1957). Consideration of the problems, in particular that of tracking. 

(141) Defence by guided weapon. |]. Menken. Engng., 183, 226—8 (Feb. 22, 1957). 
Design requirements for guided missiles largely extracted from Operations Research, 
Armament, Launching, by Merrill, Goldberg and Helmholtz. 

(142) Selecting an advanced weapons system. G. W. Jeffs. Soc. Automat. 
Engrs. ]., 65, 17-19 (March, 1957). Discussion of the various flight paths for the I.C.B.M. 
the booster stage and choice of propellants for the main stage. 
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(143) Longer range Nike carries atom warhead. Aviation Wk., 66 (9), 30-1 
(March 4, 1957). Photos of latest versions of Nike. 

(144) I.C.B.M. tests gain hypersonic glider data. FE. Clarke. Aviation Wk 
66 (10), 51-3, 55-6, 59, 61 (March 11, 1957). Review of the work being conducted at the 
NACA’s Wallops Island Pilotless Aircraft Research Establishment. Most advanced 
projects are the 4-stage vehicles currently being fired at Mach number greater than 10. 

(145) Navy shows Sidewinder’s lethal power. I. Stone. Aviation Wk., 66 (10) 
26-7 (March 11, 1957). Review of a visit to NOTS during which tests with Sidewinder 
Terrier and a rocket sled took place. Data given on Sidewinder. 


RADIO AND ELECTRONICS 
(See also abstracts nos. 60 and 61.) 
(146) ‘* Beam rider” control of guided missiles. M. Schénsleben. Brown Boveri 
Rev., 43, 393-8 (Sept., 1956). Discussion of principles. 
(147) Electronics is key to all guided missiles. A. E. Harrison. Aviation Age, 
98-101 (Jan., 1957). 


ROCKET MOTORS 

(See also abstract no. 94.) 

(148) Experimental study of rough burning of rocket motors. Off. Nat. Etudes 
Rech. Aeronaut. Publication No. 82 (In French). A study of high and low-frequency- 
instabilities and the effects thereon of the geometry of the chamber, injection and propellent 
characteristics. Instrumentation dealt with in detail. 

(149) Research on direct measurement of rocket exhaust velocities. RK. Edse 
and L. E. Bollinger. Ohio State University Research Foundation Quart. Prog. Rept., Sept. 1 
Nov. 30, 1953, 21 pp. 

(150) Design and development of a glass reinforced plastic motor for JATO 
14DS-1,000, T56. H. R. Ceinke and J. H. Powell. Fairchild Engine and Airplane Corp., 
Guided Missile Div., Summary of Prog. for Feb., 1954, 25 pp. (March 10, 1954). 

(151) The determination of coefficients of heat transfer to a rocket motor 
nozzle by a transient method, Part II. W.S. Long. R.A.E./R.P.D. Tech. Note No. 
R.P.D. 114, 14 pp. (Dec., 1954). 

(152) The effect of vehicle structure on combustion stability in liquid-propellent 
rockets. R.S. Wick. Calif. Inst. Tech., Jet Prop. Lab. Prog. Rept. No. 20-248, 48 pp. 
(Dec., 1954). In this analysis the fact that the combustion chamber is coupled to the 
propellent feed system through the structure as well as through the piping system is taken 
into account. Thus the rocket motor, when mounted in a vehicle, has several feedback 
loops. In an example on a monopropellent vehicle it is shown that these extra loops can 
be governing factors. 

(153) Application of the electromagnetic flowmeter to the testing of liquid- 
propellent rocket motors. E.G. Lave. Calif. Inst. Tech., Jet Prop. Lab. Memo. No. 20 
109, 15 pp. (March 15, 1955). 

(154) Combustion instability in liquid propellent rocket motors. Twelfth 
Quarterly Prog. Rept., Feb. 1-April 30, 1955. Princeton Univ., Dept. Aero. Engng 
Rept. No. 216-1, 23 pp. (June 1, 1955). 

(155) Rocket performance with heat added to inlet propellents by regenerative 
and external means. G. Banerian. /et Propulsion, 25, 707—11 (Dec., 1955). Theoretical 
study of the effects of heat transfer on the over-all specific impulse. It is shown that 
regenerative heat transfer with friction does not increase the specific impulse. (4 refs.) 

(156) Twenty-five years of rocket development. H. S. Seifert. Jet Propulsion, 
25, 594-603, 632-3 (Nov., 1955). Descriptions of the various propellents and types of 
hardware developed during the period for both liquid and solid propellent motors. (68 refs.) 

(157) Thrust characteristics of underexpanded nozzles. F. P. Durham. /et 
Propulsion, 25, 696-700 (Dec., 1955). The problem is investigated both analytically and 
experimentally. Nozzle losses are expressed in terms of velocity coefficients and this is 
found to agree with experiment. (9 refs.) 

(158) Combustion instability in liquid propellent rocket motors. L. Crocco and 
J. Grey Proc. Gas Dynamics Symposium, Northwestern University, Illinois, 55-70 (1956). 
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Surveys past theoretical and practical studies. It is shown that instabilities fall into two 
classes—linear and non-linear. Experimental results are compared with theory and 
instrumentation requirements for an experimental programme are enumerated. (24 refs.) 

(159) Rockets. A. Gonzalez-Betes. IJngria. Aeronaut., 8, 49-67 (1956) (In Spanish). 
Descriptions of existing rocket motors and the aircraft and missiles in which they are used 

(160) Oscillatory combustion in rocket propulsion engines. A. O. Tischler and 
I. Male. Proc. Gas Dynamics Symposium, Northwestern University, Illinois, 71-81 (1956). 
Combustion-driven oscillations are defined in terms of a vibrating mechanical system 
coupled with the energy release rate of the combustion reaction. Applications to “‘chugging’ 
and “‘screaming”’ are discussed and experimental results are compared with theory. (33 re/s.) 

(161) Thermodynamics of the rocket motor. G. Partel. A/ata (127), 23-8 (Jan., 
1956) (Jn Italian). Elementary theory of nozzle flow. 

(162) Rocket power plant. Engr., 202, 117-8 (July 27, 1956). Description of 
Armstrong-Siddeley ‘“‘Screamer’’ rocket motor, delivering 8,000 lb. thrust and using liquid 
oxygen and kerosine as propellents. 

(163) “Screamer” rocket for piloted aircraft. Engng., 182, 281-2 (Aug. 31, 1956). 
Description of the Armstrong-Siddeley “‘Screamer,”’ delivering 8,000 Ib. thrust and using 
liquid oxygen and kerosine as propellents. 

(164) On the development of rational scaling procedures for liquid-fuel rocket 
engines. S.S. Penner. Amer. Machine and Foundry Co. T.D. Tech. Rept. No. 101 (A.F 
Off. Sci. Res. Tech. Note No. 56-383), 27 pp. (Sept. 19, 1956). Survey of recent theoretical 
studies concerning similarity analysis and the scaling of liquid-fuel rocket engines. 

(165) Rocket motors. S. Allen. Engy., 202, 505-7 (Oct. 12, 1956). The design 
problems of combustion chambers with specific reference to the Armstrong-Siddeley 
“Screamer.’’ Taken from a lecture given to the Royal Aeronautical Society. 

(166) Rocket-motor design. Flight, 70, 637-8 (Oct. 19, 1956). Review of lecture 
by. S. Allen given to Royal Aeronautical Society of the development of the Armstrong- 
Siddeley ‘“‘Screamer”’ liquid oxygen/kerosine motor. 

(167) Dynamic stability of rocket powerplants using liquid propellents. 
R. H. Reichel. Aero Dig., 73 (5), 20, 22, 24, 26, 28, 30, 32 (Nov., 1956). The stability 
depends on various parameters of the combustion chamber/propellent feed system as well 
as the vehicle structure. Reliable prediction of the system stability by analytical methods 
is not possible and recourse must be made to experimental results. (9 refs.) 

(168) Successful British rocket motor killed. D. A. Anderton. Aviation Wk. 
65 (21), 52-3, 55 (Nov. 19, 1956). Details of the development history and method of 
operation of the Armstrong-Siddeley ‘‘Screamer’’ liquid oxygen/kerosine motor. 

(169) Some possibilities of hot-water rockets. P. Duban. Rech. Aéronaut (54), 
9-16 (Nov.-Dec., 1956). This type of rocket is analysed theoretically and compared with a 
conventional solid assisted take-off unit. Although the hot-water rocket is twice as heavy, 
its recharging cost is only about one-seventh that of the solid and it is much safer and 
easier to handle. 

(170) Principles of jet and rocket engines. W. Michely. Z. Ver. dtsch. Ing. 
(V.D.I.), 99, 365-72 (March 21, 1957) (In German). Deals with the elements of rocket 
engines and artificial satellites. (18 refs.) 


ROCKET PROPELLANTS 


(See also abstracts nos. 101 and 102.) 

(171) Ultrasonic tester for JATO propellent. Electrocircuits Inc. Rept. No. 18, 
7 pp. 

(172) The chemical stabilization of nitromethane and tetranitromethane for 
use in monofuel combinations. Hefco Labs. Inc., T.R., June, 1949—Feb., 1950, 72 pp. 

(173) The storage and handling of liquid propellents for rockets and guided 
missiles. W.P. Henderson. Army Chemical Corps Technical Command Rept. No. CRLR 343 
72 pp. (May 11, 1954). 

(174) Thermodynamic theory of rocket motor with hydrazine and nitric acid 
as fuels. J. M. Kooy. Astronautica Acta, 1, 157—65 (1955). Develops the theory of such 
a motor, taking into account recombination of molecules during expansion through the 
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nozzle. Conditions within the expanding gases are determined as functions of chamber 
pressure. 

(175) Erosion of colloidal propellants. FP. Tavernier. Mém. Poudres, 37, 207-15 
(1955) (In French). Theory and experimental equipment and results are given. 

(176) The relation between explosion temperature and burning rate of a 
propellent at rocket pressures. P. Tavernier and C. Napoly. Mém. Poudres, 37, 331-8 
(1955) (In French). Tests were made on five solventless solid propellents and the results 
are given in tabular form 

(177) Simplified method for testing the acceptability of furfuryl alcohol- 
aniline rocket-fuel mixtures. D. M. Mason and L. L. Taylor. Calif. Inst. Tech., Jet 
Prop. Lab. Prog. Rept. No. 20-259, 4 pp. (Jan., 1955). 

(178) On the burning of single drops of monopropellents. D. W. Kaley. Cali; 
Inst. Tech., Jet Prop. Cent. Rept. TR 9, 21 pp. (May, 1955). 

(179) Humidity control vital aspect for rocket fuel development. F. M. Thomas 
Industrial Laboratories, 6, 34—6 (May, 1955). 

(180) Contribution of chemical reactions to a time lag in nitromethane rocket 
motors. K. H. Mueller. /et Propulsion, 25, 468-70 (Sept., 1955). Evidence is produced 
which indicates that combustion lag may be due to the formation of relatively stable 
compounds, in this case hydrogen cyanide. (4 refs.) 

(181) A versatile ignition delay tester for self-igniting rocket propellents. 
M. A. Pino. Jet Propulsion, 25, 463-6 (Sept., 1955). Describes a simple and compact 
device which can be used to give reproducible results from small samples of propellent 
(3 refs.) 

(182) Some results of the study of ignition and burning of liquid propellents. 
M. Barrére and A. Moutet. Rech. Aéronaut. (48), 27-34 (Nov.—Dec., 1955) (In French). The 
paper distinguishes two types of ignition delay: that experienced on starting a rocket and 
that experienced during steady running. The effect of the latter on combustion instability 
is discussed and experimental results obtained with nitric acid and various fuels are 
presented. (15 refs.) 

(183) Experimental study of the combustion of drops of monopropellent- 
M. Barrére and H. Moutet. Rech. Aéronaut. (50), 31-8 (March-April, 1956) (In French) 
Experiments were conducted with a number of monopropellents burning in nitrogen at 
various initial temperatures and a law governing the reduction in drop diameter deduced. 
(6 refs.) 


ROCKET PROPULSION 


(184) Presentation of the proposed American Standard Letter Symbols for 
Rocket Propulsion. R. Youngquist and J. P. Layton. Jet Propulsion, 25, 634-45 (Nov., 
1955). Tabular presentation and explanation. 

(185) Relativistic dynamics of rockets. H.G. L. Krause. Astronautica Acta, 2, 
30-47 (1956) (In German). Extends the special theory of relativity to systems with changing 
rest-masses such as rockets. The relations between impulse, energy, and change of mass of 
a rocket in free space are examined from the viewpoints of observers at rest and in the 
rocket. Finally, the special cases of constant acceleration and constant thrust are considered 
(4 refs.) 

(186) Talking about rockets. Flight, 70, 998, 1004 (Dec. 28, 1956). Reviews of some 
of the technical papers presented at the A.E.R.A. Rocket and Missile Congress held in Paris. 
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REVIEWS 


Theory of Combustion Instability in Liquid-Propellant Rocket Motors 


(By Luigi Crosso and Sin-I Cheng. 1956, 200 pp. Butterworths’ Scientific 
Publications. 37s. 6d. in U.K., $5-25 in U.S.A.) 


The outstanding contributions by Professors Crocco and Cheng of Princeton 
University to the study of combustion instability ensure that the publication 
of this monograph will be welcomed by everyone interested in this field, which 
is assuming an increasing importance in rocket motor design. 

The book is divided into four chapters entitled—General Considerations, 
Chugging Analysis (Low Frequency Instability), Analysis of Screaming 
(Longitudinal High Frequency Instability), and, Discussion and Comparison 
with Experiment. Throughout, the theoretical treatment is concerned with 
the problem of incipient stability and the determination of stability limits, only 
linear effects being considered. 

The opening chapter defines the various types of instability and discusses 
the mechanisms which cause them. 

The chapter on Chugging Analysis covers both monopropellant and bipro- 
pellant systems, with constant pressure and constant rate feeds, and also 
includes an extensive analysis of servo-stabilization, in which much use is made 
of the Satche and Nyquist diagrams. 

In chapter three, the analysis of screaming is considered for both concentrated 
and distributed combustion systems. The important influence of nozzle 
geometry on screaming is emphasized in the last section of this chapter, which 
is devoted to a discussion of the theoretical results. 

The final chapter discusses and compares the few experimental results 
available with the theory developed in the earlier chapters. Experimental 
data on chugging is too incomplete and scattered to provide material for accurate 
comparison with theory. On screaming, however, although the only experi- 
mental information available belongs mainly to the realm of fully developed 
instability, to which linear theory does not apply, the authors are able to draw 
some useful conclusions which confirm some of the basic postulates of the theory 
developed in chapter three. This chapter is probably the most valuable in the 
book, and contains many pointers for future research. 

This book is well presented with few typographical errors. The assumptions 
made are always clearly stated, and a complete list of references is given. A 
commendable feature is the provision of a list of symbols at the beginning of 
chapters two and three, but the provision of an index would be of assistance in 
a book of this nature. 

The authors are to be congratulated on producing a book which can be 
unreservedly recommended for everyone with an interest in combustion 
instability. Above all, this book serves to emphasize the tremendous amount 
of both theoretical and practical research which remains to be carried out in 
this field. 

M. D. CLARK. 





REVIEWS 


Literature-Index of Astronautics 


(By H. H. Koelle and H. J. Kaeppeler. 1954, 104 pp. Verlag Walter Pustet. 
DM. 6.40.) 


The authors of this small volume disarm the would-be critic to a great extent 
by admitting that this collection of references does not constitute a systematic 
collation of all pertinent publications. It is intended mainly for the young 
scientist and engineer and in order to check its usefulness a list of 45 references, 
deemed by the reviewer to be important ones, was compiled. Twenty of these 
were found to be not included. Thus this index is, as is admitted in the 
preface, only a cross-section of available literature. It is true that to compile 
a comprehensive index would have been a formidable task but it is a great pity 
that the compilers did not make more use of the abstracts in both the B.J.S. 
Journal and Jet Propulsion. This would have enabled them to have produced, 
with comparatively little more effort, a much more complete and useful work. 


The book is, however, to be commended as a useful collection of about 1,500 
references on astronautics and allied topics. For those in need of further 
reading it will prove a valuable source of information and for the serious student 


it will be a good starting point for any literature search. 
J. HUMPHRIES. 
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